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So clearly and unmistakably are draftsmen able to express their ideo, An 
paper that their drawings have re-shaped the world. Through line. figure , 
symbol, draftsmen define the work to be done by the labor and machine, of 
nation. Assisting them to attain precision and clarity are drafting instry, 
that act almost as living extensions of their own hands...instruments that fe 
figuratively as their partners in creating. 

For 78 years Keuffel & Esser Co. drafting equipment and materials have b. 
partners, in this sense, in shaping America, in making possible its wilh-ncnil 
highway traffic, its speed in conducting business, its victorious might in y 
... So universally is K & E equipment used, it is self-evident that every engineering 
project of any magnitude has materialized with the help of K & E. Could , 
wish any surer guidance than this in the selection of your own “drofin 
partners'’? 

You will find special advantages, for example, in PHOENIX® Tracing Cig 
which K & E has made almost “ghost-proof.”’ Here is a cloth from which . 

can erase either pencil or ink lines with 
risking untidy “ghosts” on the prints 
cloth practically immune to stains fr 
perspiration and water. You can evs 
soak it in water for ten minutes at a} 
without harm! For further details about PHOENIX* Tracing Cloth, write on yo 
letterhead to Keuffel & Esser Co., Hoboken, N. J. 
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Among Our Writers 


Utah Agricultural Col., B.S. in C.E. 

Hydraulic Engineer for the City of 
nee July 1, 1934 He was with the 
eclamation from 1905 to 1920, and 
imbia, Imperial, and Vista irrigation 
m 1920 to 1928, when he went to the 
Ss Thot funct [Lhnego 

ase (U. of Colo., B.S U. of Pa., 
E.) has spent his entire professional 
tural design work Following work 


their idegs 
ne figure “ 
mT Chines of 


n NStruma. , 


Gls Nave Dee , nels, and reinforced concrete bridges 
5 swiftem he went into teaching, becoming head 
“MOving gineering dept. at Pa Military Col 

might 133 he became manager of the Struc 

g i Ww | Portland Cement Association 

'Y &Ngineering - et. (Johns Hopkins "26), with the ex 
the period 1929-1932—when he was 

3 Could y n power plants, airplane stress analy 
earch work—has specialized in bridge 

Wr drafting , n with Modjeski and Masters. He 


taff Member with the firm since 


‘racing Clot “ ce, after 2 years of graduate work, 
; ' ‘ the Civil Aeronautics Administration 
Mm which y sl to the Navy in 1941, Lt. Comdr. Luce 
worked on location, design, and construction 
lines with ) advance air bases, traveling to most 
, cific bases and to China ana India 
; at ¢ 
© Prints Leen (U. of Lowa, B.S., 26, M.S., '27) 
stains fr eas Hydraulic Asst. with Mississippi River Power 
S tro t 129. Since then he has been with U.S 
Office, Pittsburgh, on hydraulic and 
V CON eve work for navigation and flood control 
le R At present he is in charge of hydro- 
$s ata «oc work and operation of 8 flood-control and 
write On yo sultiple- purpose reservoirs 


Winn (U. of Ala., Duquesne U.) in 1930 went 
the U.S. Engineer Office in Pittsburgh, 
ecoming Senior Engr. in charge of its Con- 
tion Branch. In 1942 he entered the Army 
ss a captain, remaining in the same capacity on 
sn extensive war program Since 1943 he has 
ven in charge of the District's Military Supply 
n 


FrriepMAN was Div. Engr. with the Georgia 
State Highway Dept., then Highway Engr. for 
Public Roads Admin. in Alabama. For 
ast 7 years he has been Engineer- Director 
County, Georgia In addition he is 
t for the Public Works Panel of the 
ral and Industrial Development Bd. of 






K. Terzacut Technische Hochschule, Graz 
Austria 4) now at Harvard U., has acted as 
nsultant on important projects for dams and 
foundations in many parts of Europe and Asia, 
os North Africa and in the U.S.A. He is the 
author of several books and many professional 
papers on his subject, soil mechanics 


H. Hickox (U. of Iowa, B.E. "25, M.S. °26; 
U. of Calif., Ph.D. '39) worked for 3 years with 
the West Penn System and Morgan Engineering 
Co., later taught hydraulics at the U. of Calif 
Since 1935 he has been in charge of TVA's 
hydraulic laboratory, where all model tésts are 
made on the Authority's hydraulic structures 


D. B. Srernman (B.S., A.M., C.E., Ph.D.), engi 
neer, educator, author, inventor, has specialized 
n design and construction of long-span bridges 
His professional engagements have extended to 
five continents. He has received from the So 
ciety the Norman Medal, the J. James R. Croes 
Medal, and the Thomas Fitch Rowland Prize 
and has contributed six papers to TRANSACTIONS 


Be_pew S. Tucker (Ohio State U., B.C.E., ‘31 
M.Se. 32) has served as hydraulic engr. for the 
federal gov't and for the State of California 
At present he is Chief of the Sanitation Unit 
Design Section of the Construction Service 
Central Pacific Base Command 
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BETHLEHEM 


Suites Bcildee 


Bridges, arching against many diverse skylines, ever sym- 
bolize the country’s restless dynamic growth. 

With experience back of it which now approaches its 
fiftieth year, Bethlehem has a leading place among American 
bridge-builders. In the years preceding the war, Bethlehem 
built some of the nation’s greatest bridges—often had as 
many as five under way at one time. 

Among the factors which have made Bethlehem a major 
bridge-builder are its high degree of engineering skill, its ample, 
strategically-located fabrication and erection facilities, and its 


identity as a wholly-integrated steel producer. 
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Texas and New Orleans Railroad Bridge, 
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ONG before V-J day, an in- 
crease in the water supply 
for San Diego, Calif., was 
onsidered a postwar problem 
ut immediate one calling for: 
!) construction by the Government 
ithin two years of the San Diego 
weduct (capacity 50 mgd, length 
| miles, estimated cost $17,500,000) 
make Colorado River water avail- 
able so as to avoid possibly dis- 
gstrous results in the event of 
hts such as are common to 
ea; and (2) construction by 





N 


to cost $6,000,000. 


‘ 47 
eV) ,0T 1 


At that time the city had six 
impounding reservoirs and 
two large regulating reser- 
voirs with a capacity of 105.8 
billion gal and a safe yield of 


SAN VICENTE IMPOUNDING 
RESERVOIR 


Since 1940, the city has ex- 
about $3,275,000 in 
nstructing the San Vicente 
mpounding reservoir (Fig. 1), 
witha capacity of 29.4 billion 
gal, and $1,525,000 on distri- 
but uns and pumping 
s ind the Federal 
rks Agency has expended 

t $2,200,000 on transmis- 
ns, distribution 

ins, and a 10-million-gal 
regulating treated-water 
eservoir San Vicente 
servoir will increase the 


pended 


the city of additional pipe-line capacity from the city’s 
reservoirs on the San Diego River watershed to the dis- 
tribution system, involving about 21 miles of 48- to 72-in. 
pipe, a modern 60-mgd water treatment plant, and a 20- 
million-gal treated-water regulating reservoir, estimated 


In 1940 the City of San Diego had a population of 
and about 20,000 additional in military service. 
The average use of water for the calendar year was 23.7 
mgd, the average for the maximum month 31.0 mgd, 
| the use on the maximum day, 35.8 million gal. 


By Frep D. Py te, M. Am. Soc. C.E. 


Hypravutic ENGINEER, Crry or San Dreco, Catir. 


| F Senaae years strained to capacity the 
water system of San Diego. Over 
150%, of the safe yield of the city’s 
watersheds was used. Faced with a 
continuing demand in excess of available 
supplies, the city turned to the Colorado 
River resources to which it had main- 
tained rights since 1926. The San Diego 
Aqueduct, now under construction, will 
tap the San Jacinto Tunnel of the Metro- 
polttan Water District at its western end. 
Construction will be under the supervision 
of the Navy's Bureau of Yards and Docks. 


half of 


More Water for San Diego 


Aqueduct Under Construction to Deliver Additional 50 mgd from Colorado River 


safe yield of the city from local 
sources by 5.3 mgd when 75% filled. 
Local sources are now about 60% 
developed. Table I indicates the 
changes in population and water use 
during the past six years. The aver- 
age use for July 1945 was 59.8 mgd 
and the maximum day, 69.2 million 
gal, of which the government and war 
agencies used 44.4%, or 30.7 mgd. 
The following Navy institutions 
are of a permanent character and will 
continue after the war to use large 
quantities of water: Naval Air Sta 


tion, Naval Supply Depot, Naval Hospital, Destroyer 
Base, Marine Base, and Naval Training Station. 

Water deliveries are 100% metered; 
so that leaks come to the surface, and during the last 
1944 the unaccounted-for water losses between 


the soil is tight 


impounding reservoirs and the city amounted to only 


9 Q207 
2.93%. 
} From 


average annual 


These facts indicate that the safe yield of the 
city’s reservoir system is being greatly overdrawn. 

November 
runoff of 
158.1% of the 60-year mean from 1883 to 1943. 


1, 1936, to October 31, 1943, the 
the city’s watersheds was 
During 





San VICENTE DAM, NEWEST RESERVOIR OF THE SAN DIEGO 
WATER SuPPLY SYSTEM 
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SECTION OF TRENCH FOR SAN VICENTE Pipe Line Across SAN D1reco RIVER 
Excavated After Wellpoints Had Lowered Ground-Water Level 


the period 1883 to 1943, there was extreme drought from 1945, the city’s reservoirs were 66.5% full. With es 
1897 to 1904, when the average annual runoff was only mated requirements and existing transmission mains, ply 


7.5% of the 60-year mean. During a number of three a booster pumping plant to increase the delivery of wate 
year periods there was but little runoff. During the 60- from the Morena-Barrett-Otay system from 17.) 
year period, only 16 years exceeded the 60-year mean, 25.5 mgd commencing August 1, it is anticipated that Sa 


while 30 years were below 50° of this mean. The runoff should drought conditions prevail, the storage it 
is so erratic that city’s major reservoirs (El Capitan and San Vicent g 


r State Bulletin No. and the Murray regulating reservoir, would be reduced 
18, “San Diego to 10,000 acre-ft by July 1, 1947. At that time ther 
County Investiga would be about 60,000 acre-ft of water in the Morendiiiimg 
’ tions 1935,"" indi Barrett-Otay reservoir system. ] 
re VERSION STR cates that on the Anticipating the time when the full development 
; , average about local water resources would be insufficient to meet 
eight years arere- requirements, the City of San Diego in 1926 filed on |) 
g quired after con- mgd of water from the Colorado River and since that 
struction of anim-_ time has diligently maintained its mght by entering 
' pounding reser various contracts with the U.S. Department 
\8OW TUNN voir before it can Interior and the State Division of Water Resources 
G€ be depended upon 
; 7 . . for the theoretical Taste I. CHANGES Iv PoPULATION AND WATER Us! 
¥ SN ae sale yield ; POPULATION POPULATION Ave. Ust Max. Da 
x San Vicente YEAR Civn MILITARY Med Million 
i. ATH Reservoir, com 1939 197,000 17,500 + 20.82 32 
( ‘Bx pleted in time to SO. ee | SRE 
| \ » impound 95% of 1942 315,000 100,000 4 36.24 7 
\ b ; the 1942 1943 1943 340,000 100.000 + 42 19 ‘4 7 r 
ar Ra : ‘ 1044 360,000 100,000 + 45.57 61.1 
| . \ WAY TUNNE runoff, wason July * Including military, United States housing, and national! def 
; FIRE TUNNE : |, 1945, and with . - 
hg no water with- rhe great increase in the use of water due to naturagBaird Si 
iz -} ’ drawn, only 14.0% growth and war agencies made it evident that, to ensurt@iPAge: 
12 ¢ 7 | filled. For the a dependable supply, Colorado River water should b 
| * Lak ine | period 1897 to brought to the San Diego area. In May 1945 a contra 
BX Dies . 1904,thetotalrun- was entered into between the Federal Works Agency) r 
| a ea ‘ oat | off at the San Bureau of Reclamation, and the City of San Diego lot meeting 
4 \y a -d | Vicente dam site, survey by the Bureau, to include engineering stu lies CRON at 
\ Sn Yoia We | without allowance an estimate of cost for a conduit from the west end 0! UCiipower 
te —_—_—_—_—_— for evaporation, San Jacinto Tunnel of the Metropolitan Water Distne str 
ons ED OF ee DIEGO amounted to only of Southern California to the San Diego area. ADoul Ui 
7 Se 4.3% of the reser- same time, another contract was entered into Detwee'm@pi strict 
Aqueduct from San Vicente Reservoirto VOir capacity. the Bureau of Reclamation, the County of 5a! _ vicente 
San Jacinto Tunnel Under Construction Also on July 1, and the City of San Diego, for a second survey 
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REINFORCED CONCRETE Pipe BEING MADE FOR SAN DIEGO 
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DISTRIBUTION SYSTEM 


El Cajon Plant of American Pipe and Construction Company 


mbracing engineering studies and estimates 

, conduit to bring water from the All-American 

the San Diego area. The Bureau was also to 
mparison of the costs of the two conduit routes. 
eSan Diego County Water Authority was formed as 
in election on May 16, 1944, with the following 
Cities of San Diego, Chula Vista, 
Oceanside; Fallbrook 


s members: 


‘ational City, Coronado, and 
District, La Mesa Irrigation District, Ramona 
Irigation District, and Lakeside Irrigation District. 


hority was formed to arrange for the delivery of 
River water for the use of the member agencies. 
of San Diego represents 82% of the assessed 
of the Authority 


ERDEPARTMENTAL COMMITTEE APPOINTED 


iffecting the water supply of the City of San 
| the war agencies in and near it, were brought 
ttention of the late President Franklin D. Roose 
fall of 1944 by city and Naval officials. Asa 
result he appointed, on October 3, 1944, a special inter 
ntal committee to consider the problems and 
ommendations. The committee consisted of 
Warne, Assistant Commissioner, Bureau of 
tion, U.S. Department of the Interior, Chair 
e Admiral Ben Moreell, Chief of the Bureau 
ind Docks, Navy Department; Maj. Gen. 
eybold, Chief of Engineers, War Department; 
bard Snyder, Assistant Administrator, Federal Works 
Ager ind Phil D. Swing, Attorney, San Diego 
t iter Authority. 
msidering the relative merits of the two 
\ll-American and Metropolitan, on the basis of 
ling emergency requirements for speedy construc- 
inimum use of critical materials and man 
he committee recommended the immediate 
nstruction of the San Diego Aqueduct from the west 
~ San Jacinto Tunnel of the Metropolitan Water 
“strict of Southern California to San Diego's San 
Reservoir (as shown in Fig. 1), the pipe lines to 
icity of 50 mgd and the tunnels that of 100 


mgd (if costs were favorable when compared with a 
50-mgd capacity). 

As a result of the study and recommendations, in 
November 1944 President Roosevelt directed the Bureau 
of Reclamation to complete the plans and specifications 
with the cooperation of the Army, Navy, and Federal 
Works Agency; and directed the Navy to construct the 
aqueduct with the cooperation of the other three agencies 
The President requested the City of San Diego and the 
San Diego County Water Authority to negotiate with 
the Metropolitan Water District of Southern California 
for delivery of water at the San Diego Aqueduct intake 

On December 18, 1944, at a conference held in the 
office of the Public Works Officer in San Diego, attended 
by 18 representatives of the interested agencies, a pro 
gram of procedure was outlined. The Bureau of Recla 
mation proceeded immediately with the detailed field 
location and land ties, and the preparation of designs, 
drawings, and specifications 

The Bureau has completed the field work and designs 
and has delivered the drawings and specifications to the 
Navy. The principal items include a 1,400-acre-ft regu 
lating reservoir 2 miles from the upper end of the aque 
duct; 7 tunnels (6 by 6 ft, horseshoe shaped, concrete 
lined) with a total length of 4.3 miles; 1.8 miles of 
high-head 48-in. plate-steel pipe across river valleys; 
and about 2.0 miles of 96-in., 12.2 miles of 72-in., 21.9 
miles of 54-in., and 28.2 miles of 48-in. concrete pipe with 
various types of reinforcing, depending upormthe pressure 
head. As designed, the water surface at the intake of the 
aqueduct will be at El. 1,504.7, and at the delivery point 
to the San Vicente Reservoir, at El. 760.0. 

A contract has been let to the American Pipe and 
Construction Company for joint rings and gaskets for 
the entire project, at an estimated cost on the basis of 
the contract, of $563,282.50. Nine informal bids were re 
ceived by the Navy on April 4, 1945, for the Poway, 
Fire Hill, and San Vicente tunnels, which are near the 
lower end of the aqueduct. Award has been made to the 
W. E. Callahan Construction Company and the Gunther 
and Shirley Company, low bidders, for the construction 
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ONE oF THE New Lines TO BRING WaTER INTO THE CrTy 
Reinforced Concrete Pressure Pipe Being Laid 


of these three tunnels (total length 11,280 ft) at a contract 
price of $868,536, which includes the furnishing of all 
materials 

Eight informal bids were received by the Navy, on 
July 6, 1945, for 48,040 ft of 72-in. pipe, 41,540 ft of 54- 
in. pipe, and 10,900 ft of 48-in. pipe. The 72-in. pipe is 
gravity flow, and the remainder low pressure, none ex- 
ceeding 125-ft head. A large portion of the gravity-flow 
pipe is in 10 to 20-ft cuts. The plans call for reinforced 
poured concrete pipe with lock joints. There are but few 
incidental structures, mostly access manholes. The low 
bid of $2,248,409, which includes all excavation, back- 
fill, pipe, and materials (except joint rings and gaskets), 
was submitted by the W. E. Callahan Construction 
Company. This section of the aqueduct extends in a 
southerly direction from the proposed reservoir. Con 
tract has been awarded to the low bidder. 

Seven informal bids were received by the Navy on 
August 1, 1945, for the construction of 114,500 ft of aque- 
duct, consisting of 2,225 ft of 72-in. pipe, and 112,275 
ft of 48-in. pipe with appurtenant structures consisting 
of blow-off valves, air valves, manholes, access structures, 
and bifurcation structures. The plans call for reinforced 
poured concrete pipe with lock joints, and for reinforced 
steel-cylinder concrete pipe with lock joints. This is for 
the lower part of the aqueduct. Contract has been 
awarded to the low bidder, S. A. Healey, on the basis of a 
bid of $2,597, 344.70. 

Six informal bids were received by the Navy on August 
8, 1945, for the construction of Rainbow, Lilac, Red 
Mountain, and Oat Hill tunnels with a total length of 
about 11,750.ft. Contract has been awarded to the low 
bidder, S. A. Healey, on the basis of a bid of \ se O80. 

[welve informal bids were received by the Navy on 
August 22, 1945, for the construction of the aqueduct 
from the intake to and including the Regulating Reser 
voir, consisting of 10,430 ft of 96-in. low-head concrete 
pipe and 874,000 cu yd of excavation, backfill, and em- 
bankment, also appurtenant connections, control works, 
and meters. Contract has been awarded the low bidder, 
the Guy F. Atkinson Company, on the basis of a bid of 
$1,164,885. 

As for the rest of the aqueduct, informal bids will be 


received by the Navy on September 28, 1945, for the con- 





VoL. 1s, No. 


struction of the middle portion consis, 

ing of about 113,800 ft of 48, 54 .. 

72-in. concrete pipe with vari US type 
of reinforcement. Soon the Navy 
pects to issue a call for bids for abou 
9,560 ft of high-pressure 48-in. .. 
pipe across the San Luis Rey and s, 

Dieguito valleys, which will completg 
the aqueduct. The bids thus far receiyas 
are well within the estimated cog , 
the aqueduct on the basis of a totaj 4 
$17,500,000. 

The War Production Board has stated 
that no steel sheet or plate will be ayaj 
able until the fourth quarter of 195 
and has requested that no miners be ey 
ployed on the tunnel work until aft. 
November 1, 1945. This has caused 
some delay, but it is believed that 4 
aqueduct can be completed in time » 
commence delivery of Colorado Rive 
water im the summer of 1947. Exe ava. 
tion for the aqueduct was commences 
by the Guy F. Atkinson Company neg 
Hemet on September 12, 1945. 

The electorate of the City of San Dieg 
on April 19, 1945, with a 10-to-1 vote, authorized , 
$6,000,000 bond issue for additional pipe-line capacit 
from the San Vicente reservoir to the city; also a moder 
60-mgd water treatment plant, and a 20- million-g gal regu- 
lating treated-water reservoir. These facilities wil! ‘be 
used for local water when available, and for Colorado River 
water or a mixture of the two sources when required 

It is anticipated that the pipe lines and regulatin 
reservoirs will be completed in time for use in the 17 
summer season, and that the treatment plant will 
completed by the late fall of 1947. 

Completion of the San Diego Aqueduct, additional 
mains and treatment plant, will assure the Navy, th 
City of San Diego, and the other agencies of the Sa 
Diego County Water Authority, a reliable water suppl) 
and make possible the orderly conservation by the city 
of additional local water supply, including constructiu: 
of the Pamo and Sutherland reservoirs and conduits 
to the San Vicente Reservoir, an increase in the capacit) 
Hodges Reservoir by construction of a new dam below 
Hodges Dam, and the heightening of Barrett Dam, wit 
the necessary conduits to the city. 

Construction work on the San Diego Aqueduct s 
being done under the direction of Capt. Alden K. Fogg 
Public Works Officer. Comdr. R. C. Thorson, CEC 
U.S.N.R., is Resident Officer in Charge 

Work by the Bureau of Reclamation is under the dir 
tion of H. W. Bashore, director; designs and specifica 
tions are under the direction of Walker R. Young, chic! 
engineer, and E. A. Moritz, regional director. The 
engineer in charge of the Bureau’s work on the aqueduct 
is R. B. Ward. 

J. L. Burkholder is chief engineer and general manager 
of the San Diego County Water Authority. 

Carl R. Rankin is consulting engineer for the cil 
on the location and design of pipe lines and reservorrs 
J. M. Montgomery is consulting engineer on design 0! 
the treatment plant. Paul Beermann is enginee! 
general charge of surveys, design, and constructio! 
W. C. Brown is associate engineer in charge of olli 
engineering and specifications. The writer is hy iraul 
engineer, in charge of water development, transmuss! 
and purification. All those mentioned are mem ers 
the Society. 
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a total of veloped by passing trains, 
certain types of subgrade 

1S State i yield, and in some places local 

be avail epressions, known as water pock- 

Of IM} ore formed. These are of ir- 

TS beem#h yar cross section and length; 


ntil afte 
iS Caused 
that the 


me extend only a few feet, others 
, mil They may occur 
uts of any depth, on fills of any 


ume cht, but particularly in soils 
Ho River ough which water does not read- 
Excava. irain. When manipulated under 


mmenced 
any near 


-essure, these soils soften, become 
st liquid, and are easily eroded 
ving water. The pulsating ac- 


™ Dies f the passing trains causes this 
orized aM wefied material to move, ejecting 
wapacit + through vents and porous areas, 
a moder 


ting the ballast, clogging French 
gal revu- =s tile 





= we he use of drains and other methods 
ido Ri HR closely spaced poles, is costly and 
wired fective. 
_ : 4 typical cross section of a water pocket (Fig. 1) re 
re 194 
t will be 
iditional Mien impregnated with liquefied clay forced in from be- 
= & w. The ballast material below 
the S top layer is usually quite 
Anes % rous, being kept open by the 
the “ty Bipurging of the water under pres- 
‘truction MiRure. This porous section extends 
Conduits @townward nearly to the clay line. 
Capact'y HM iquefaction commences at the 
n below MiRi.y line, and the fine material is 
un, Will Baenosited on the top, sides, and 
' ttom of the pocket, gradually 
educt ‘ ing these surfaces. Internal 
R. Fogg ydraulic pressures are produced 
1, CE uch cause the roadbed to yield, 
ne dir esulting in bad-riding and some- 
eeu mes dangerous track. In cuts 
pecifica he material is forced outward 
1B» The rom under the track and then 
°* Bppward. On fills, bulges may 
queduct xCur Opposite the pocket near 
he top of the shoulder or on the 
we ide slopes considerably below the 
he doulder. The soft material is 
nti ometimes forced up to the sur- 
ston of ME e between tracks and between 
ner 2 sometimes to the extent that 
auld P wannat is permeated with a 
. of sUl. 
ahs ressure grouting has not been 


water pockets but has 
beneficial in most 


s where there is a soft track 





catch basins, and other drainage structures. 


ls a relatively impervious top layer of varying thick- 
in which voids in the ballast have been filled with 
inders, engine sand, and pulverized material, and 


Cement Grout 


By Artuur J. Boase, M. Am. Soc. C.E. 


RESSURE grouting has long been 

used to stabilize foundation souls, but 
its application to water pockets under rail- 
way track and to ‘‘soft track’ in general 
is a more recent development. The first 
use of pressure grouting to stabilize ratl- 
road track was on the Pennsylvania Rail- 
road at North Point, Md.,in 1936. This 
and other early installations have now been 
in long enough to prove definitely that 
pressure grouting with portland cement 
grout ts not a temporary palliative but 
offers a long-time cure for troublesome 
track. The greatly reduced cost of track 
maintenance, and the release of des- 
peraiely needed labor for other railroad 
work after track has been grouted, have 
made grouting a practical economy. 


drains, and choking 
of stabilization, such 


has often proved in- 
pressions. 


between the cement 





GROUTING TRACK ON THE WABASH NEAR GRABILL, 
IND., WITHOUT INTERFERENCE WITH TRAFFIC 


Injection Points Have Been Driven and Grouting Is 
Being Done with Horizontal Pneumatic Pressure Tank 
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moisture from reaching the unstable subsoil. 
posits form barriers which prevent surging action of the 
liquefied material, and concrete formations are produced 
which help distribute the traffic load over the soft de- 
The original load-bearing capacity of the sub- 
grade is thereby restored and even increased. 
actual concrete slabs are not formed, there is an action 


Railway Roadbeds Stabilized with Portland 


MANAGER, STRUCTURAL BurREAU, PorTLAND Cement AssociATION, Cuicaco, ILL. 


condition. Maintenance on stretches 
of soft track, or where there are water 
pockets, is extremely high, as such 
track must often be gone over three or 
four times a week, and ballast must 
be frequently removed. On some of 
the areas treated by grouting the 
cost of the work has been little more 
than a month’s mainténance cost, and 
in most locations it has been equiva- 
lent to only a few months’ mainte- 
nance cost. Thesubsequent savings 
in maintenance have paid the cost of 
the grouting many times over in a 
period of a few years. 

The grouting of these areas with 
portland cement grout injected under 
pressure seals off the water-retaining 
depressions, thereby preventing 
Grout de- 


Even when 


and the subgrade material which re- 


sults in a stabilization of the track. 
Much of the grouting work to date has been done with 


equipment and accessories im- 
provised from material and parts 
usually found in railroad shops. 
Some of the roads are, however, 
purchasing and using combined 
mixing and grouting machines 
that have been developed to meet 
thisdemand. The injection of the 
grout can be done with either 
pneumatic or hydraulic pressure, 
but pneumatic equipment has 
been most generally used. 
Exponents of the pneumatic 
method contend that the air tends 
to open up passages for the grout, 
thereby securing better penetra- 
tion. The air is usually supplied 
from a compressor of the type and 
capacity furnished for tamping 
ballast with air tools. Pneumatic 
equipment is limited, however, to 
pressures not much in excess of 
100 Ib per sq in., and in fact it is 
found that pressures of about 40 
Ib per sq in. frequently result in 
better penetration than higher 
pressures. In exceptional cases, 
where voids and passages in the 
material to be grouted are small, 
or where water must be displaced 
from fine-textured materials, pres- 
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Water Level 









WATER POCKETS 


Fic. | [YPICAI 

rack on a Fill 
Such ‘.iack 

Remedied by Injection 
Rails Only 


Grout Is Usually Injected from 
Under Outer Rails of Double 
Along Outer 


Under Single 
Both Side ; of 


lrack—-Generally Points 


150 to 300 Ib per sq in. may be necessary. 
is ideal for such conditions as it is 
built up gradually until the grout is accepted, and when 
flow commences there is no disruptive violence. A single 
icting plunger pump is usually used on such equipment. 

When equipment is set up at the side of the track, 
grouting can proceed without interruption to traffic. 
Che grout discharge line usually consists of a short length 
of pipe from the pressure tank and then a flexible rubber 
hose, such as a steam hose. This 1s coupled to an iron 
pipe injection point, which has been driven to the proper 
depth for grouting. Where high resistance to driving of 
the injection points ts encountered, a solid steel spud bar 
is first driven to provide a hole for the injection point. 
The varying under-track conditions can be sensed ac- 
curately by the resistance encountered when points are 
driven. When there is doubt as to the ability of a pocket 
to take grout, a few widely spaced points are driven for 
test by injecting water under pressure. If water is not 
received, grout would not be accepted at this point. 
[Injection points are usually spaced at about every second 
crib, driven somewhat outside the ends of the ties but at 
in angle with the vertical so that the tip is approximately 
under the rail when it is in grouting position. Work 
starts at one end of the pocket or soft area and moves 
progressively forward. 

Che proportions of cement, sand, and water will de 
pend on the character of the sand and the condition of 
the subsoil. Excess water in the grout may result in 
separating water and cement from the mix when under 
proportioning 1s usually done by trial, 
i very fluid, neat cement grout. If 
this is readily injected, fine sand 1s added in increments 
until the desired consistency is obtained. Some engineers 
limit the sand to 200 Ib per sack of cement, and if this 
gives too fluid a grout, the amount of water is reduced. 
When the sand ts extremely fine and contains some silt 
und clay, somewhat more of it can be used. 

Up to the beginning of 1945, stabilization of roadbed 
grouting on the New York Central had been 
but this year work 


sures from 
Hydraulic pressure 


pressure rhe 
usually starting with 


by cement 
confined to its lines west of Buffalo, 
will also be done on its eastern lines. Up to January 1, 
1945, 197 soft spots had been treated. These involved a 
total of 36,379 lin ft of track. “Carefully kept records 
show a sharp reduction in maintenance cost in every 
instance. In 1942 a total of 4,907 ft of track at 31 spots 
was treated at a total cost of $4,334.11. Maintenance 
had cost $1,187.10 a month before treatment and has 
been only $73.95 a month since treatment, or a saving of 


ENGINEERING for October 1045 


Vou. 15, No 


$1,113.15 a month. The entire cost of grouting this tray 
was paid for by the saving in maintenance in less tha» ; 
months. Furthermore, this saving has continued to date 
In 1944, costs were higher. In that year = Cations 
involving 17,943 ft of track were treated at a coy « 
$32,481.61. The indicated savings in po Ue ANCE os 
that year’s work are $3,691.19 a month. : 

Results at individual spots are even more startlj, 
For example, two spots which required maintenance py 
less than three times a week were costing $122.44 and 
$126.32 a month. Grouting was done at costs of $1; 
and $135.76, with subsequent reductions in mai taal 
costs to $3.10 and $14.60 a month, respectively. A¢, 
result, the grouting of these two holes not only paid i 
itself but saved the company $2,474.24 the first year 
Some soft spots which formerly needed frequent maj 
tenance have required no maintenance whatever in tj 
two years or more since they were grouted. 

The Santa Fe has done more pressure grouting ¢} 
any other road to date. The first installation was in 194] 
with additional stretches in 1942 and 1943, so that 
the end of 1943 about 30 miles of track had been treate 
In 1944, a major program of grouting the heavy-duty 
track between Holliday and Emporia, Kans., wy 
adopted. The work covers a 100-mile stretch of trag 
which constantly had been troublesome, having dee 
cuts, high fills, curves and grades, in soil that is pr 
dominantly soapstone and clay. Carefully kept recon 
showed abnormal maintenance and a history of frequent 
slow orders for this track. Several methods had bee 
tried to remove water from the pockets, including tly 
installation of drains. These worked well for a time, by 
gradually filled up and became ineffective. 

Ten grouting outfits—three of them hydrauli 
chines developed by the Santa Fe, and the other seve 
commercial hydraulic units—-worked simultaneously 
this project. Availability of an extremely fine sani 
called blow sand, nearly all of it passing a 50-mesh siew 
has permitted leaner mixes than are ordinarily use 
Experience shows, however, that the cement cost is le 
than 20% of the v 
cost of the work, 
indicating that 
the amount of ce- 
ment used does 
not greatly affect 
the overall cost, 
and that any ap- 
preciable reduc- 
tion in cost can 
be realized only 
by reducing the 
cost of injection. 

All treated 
track has shown 
improvement 
both in appear- 
ance and in rid- 
ing performance 
and has revealed 
a marked saving 
in labor for track 
maintenance, 
ranging from 30 
to 82%. At 
most locations 
the track has 
continued to im- 
prove after 
grouting, and 


PRESSURE TANK USED ON ™ 


VERTICAL 
BALTIMORE AND OHIO FOR GROUTING 4! 
INTERLOCKING PLANT AT NILES 
Junction, Onto 
Hose Line Under Track So as \# 
Interfere with Traffic 
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a N N o. 1 
r this tr e has become progressively 
less than any locations a more im- 
ied tod ult is the increase in train 
t locat itted. Anexample of this is 
I er line change between Delhi 
c S n, Colo. When heavy rains 
t this point, speed restric- 
P star ; low as 5 miles per hr were 
enancs it some locations, and a 
122.64 () miles per hr was in force 
sof $1 f the line. Since grouting, 
ainte 60 to 70 miles per hr have 
el ved regardless of weather, ex 
ly pa few occasions when pre- 
first slow orders were issued 
vent ise of exceptionally heavy rain- 
a Such slow orders were in force 
han 24 hours, and in each case a 
uting eck-up showed that the track was 
vas it fected by the unusual rainfall. 
so th fhe Baltrmore and Ohio grouted 
en tre 500 ft of track in the summer of 
1e€a his work was in two sections, 
ans., ¥ he interlocking plant at Niles 
h of tr unctt Ohio, and another section 
ving + Grasselli Siding. Three roads—the Baltimore and 
hat is ; hio, the Pennsylvania, and the New York Central 
ept records erate through the interlocking plant, and about 120 
of frequent gh-speed passenger and freight trains are handled 
; had \fter 18 months of service, through two winters, 
luding t been reported that the roadbed at both locations 
a time sstood up very well and apparently has been stabil- 
[his is indicated by a reduction in mainte- 
raul ince cost of about 75%. The program for 1945 provides 
ther sev two grouting gangs in each of the three regions of 
neoush id, or a total of six gangs. 
fine , test installation, the Burlington chose a 700-ft 
mesh sit of single track at Salem, Nebr., the work being 
arily pleted in December 1943. Here the natural ground 
cost is leg lack gumbo. In wet weather it becomes very sticky, 


quefies when manipulated, and readily admits water to 
e interior of fills through the wide cracks that appear 
dry weather. Test holes indicated that layers of chats, 
nders, and burnt clay had been used for ballast. This 
| been pushed to considerable depths under the track 
} form troughs and basins having water-impervious 
ttoms and sides of black gumbo. This stretch of 
ack had presented a really tough problem in mainte 
nce and had required attention on the average of four 
ysa week. In the year following grouting, this track 
quired resurfacing only once, despite the fact that an 
volume of traffic was handled. This represents 
tremendous saving, and the cost of the grouting was 
ily $0.93 per track foot. 
[he Chesapeake and Ohio has solved some annoying 
aintenance problems in its tunnels by pressure grout 
g under the sub-ballast concrete floor slabs. Underflow 
aimage was not properly provided in some of these 
nnels. The irregular contour of the excavation and 
rous backfill permitted water to accumulate in pockets 
der the floor and in some cases water flowed under the 
ab, carrying fine and soluble material with it. The 
grouting was done through nipples placed in 
dniled through the floor slab along its center line, 
iso through the concrete gutters where this was 
essary. Maintenance has been appreciably 
a result of this work. 
me the most recent projects in the East is that on 
1 ork and Long Branch Railroad at Matawan, 
railroad is owned jointly by the Pennsylvania 


creased 
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GrRovUTING UNDER SuB-BALLAST TUNNEL FLOOR ON CHESAPEAKE AND OHIO RAILROAD 


Grout Is Poured In by Hand and Air Pressure Is Then Applied to Inject It 


and the Central Railroad of New Jersey. The work was 
done by the latter, following the general practice which 
proved successful on an earlier experimental job done on 
the main line of the Central Railroad of New Jersey near 
Manville, N.J. Before work was started at Matawan, 
several test pits were dug to determine the profile of the 
water pockets. This proved very helpful in determining 
the required length of injection pipes and the depth to 
which they should be driven. 

Pressure grouting has proved highly advantageous on 
special track work near terminals, where service is usually 
severe and maintenance is high on account of the many 
switches and crossings involved. Outstanding is the 
example of the Terminal Railroad Association of St. 
Louis. The grouting has been done at many points in 
the terminal area, and a wide range in types of fill and 
ballast has been encountered. All the work has been 
done without interruption to traffic. Included is Grand 
Crossing, where three tracks cross three other tracks at 
grade, and where an average of 750 train movements are 
handled every 24 hours. Since the grouting was com 
pleted, the behavior of this crossing and of the other 
special track work has been most satisfactory. 

While most of the stabilization work by pressure grout 
ing has been done by railroad forces, several railroads, 
including the Southern Pacific, have done it under 
contract. Since it is impossible to estimate in advance 
the amounts of material, labor, or time that will be re 
quired, there is a question as to the suitable contract 
basis for this type of work. On these jobs the expenses 
for moving the equipment and men to a job or between 
locations are on a cost-plus basis. When the unit has 
been set up, it goes on an hourly basis, which includes all 
equipment, repair parts, fuel, and the necessary key men, 
also supervision and the expenses of the superintendent 
for trips to the jobs. The railroad company furnishes 
sand and cement and the necessary laborers, who work 
under the direction of the foreman. Apparently this 
type of contract has worked Out satisfactorily. 

Up to the present time, some 28 major American rail 
roads have done track grouting, and at this writing at 
least 7 others are getting ready to do so by preparing 
equipment. The roads that have done this work are 
continuing it and in addition have planned larger pro 
grams for 1945 












New Cantilever Carries Southern Pacific 


Over Pecos River 


Tall, Hollow Piers Mark Design of Texas Span 
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New Pecos RIver SPAN OF SOUTHERN Pacrric L 


Trusses Were Erected as Cantilevers, But Joints Were Riv 
Spans Continuous Under Live Load and Partial Dead Load 
UST north of the Mexican border, the Southern 


Pacific Railroad pans the deep gorge o} the Pecos 
Rwer ti hen considering the character of the new 
bridge, engineers faced with difficult erection 
conditions and the need for economy in the amount of 
sleel used. Thus steel arch smply supported 
spans were ruled out, and a continuous cantilever 
was designed and erected. Design conditions, as 
Wr. Engel points out, included earthquake forces and 
dynamic wind loadings. 


were 


oT 


ARTIME replacement of the old Pecos River Via- 

duct, a vital link in the Southern Pacific Railroad 

lines carrying transcontinental traffic 
Louisiana and Texas, was considered necessary to preclude 
pe yssible delays to the substantially increased war traffic. 
The original Pecos River Viaduct was built in IS91. 
Supported on high, four-leg wrought-iron towers, it was 
recognized for many years as the world’s highest railway 
viaduct It was strengthened in 1909 by reinforcing the 


across 


existing columns, and by adding a central line of columns 
and deck girders and trusses to the old structure. Fur 
ther alterations and repairs were made in 1929 as 
the result of a detailed 

physical inspection and “ Center Line of Abutment 
stress analysis, after which 5 » ‘ 

the structure was rated rerty Le Center Line of 
good for Cooper's E-60 ~E | a ier 025s 
loading at a train speed ep) {"ASSON( VINSON 
not in excess of 12 miles an Men he xed — 
hr Fatigue cracks were 196" Le ag ol 
discovered and repaired in 

some of the bracing details 

of the high towers, and the 

diagonal bracing rods of ‘ 
the towers were frequently 

adjusted to keep the towers 

plumb. Because of this Fie. 1. 




































situation, annual inspections were 
made, and the condition of the struc 
ture was each time reported upon in 
detail. ' 

Under prewar traffic on this line. ¢, 
speed and loading restrictions did yo 
cause any measurable adverse effect 
day-to-day operations. There was yy 
reason to anticipate any sudden a 
cumulation of fatigue cracks or other 
weaknesses requiring repairs or repla ce. 
ments of a character that could not be 
handled between trains. For these 
reasons the need for replacing the 
structure was not considered of 
ing importance before the war 

However, with the very substantial 
increase in the tonnage of important 
military traffic passing over the struc. 
ture due to the war, there was som 
reason to anticipate an accelerated development of fatigue 
cracks or other weaknesses. Also, with the much : 
frequent train movements required, there was the dan 
that it might not be possible to perform repairs 
replacements without delaying vital traffic movements 
It was therefore concluded, during the first year of 
war, that security and assurance against the possibility 
of serious traffic delays made it mandatory to replac 
this viaduct. 

An application for materials was made through & 
Office of Defense Transportation on February 17, | 
and an AA-3 priority was granted by the War Prod 
tion Board on June 19, 1943. Construction of the nen 
single-track bridge, which is notable for its high, hollow 
concrete piers and continuous-cantilever type of steel 
superstructure, was begun in August 1943, and com 
in December 1944. 

Thus the Southern Pacific Railroad now crosses th 
deep Pecos River gorge near Langtry, just north of the 
Mexican border, on an alinement about 440 ft south of the 
old viaduct. 
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The site has been subject to mild earthquake 
shocks and is centrally located among the origins 


several severe earthquakes, so that such forces had 
necessity to be considered in the design. The alinement 
Center Line of East At 
Overall Length = 1 390'6" Center Line of Pre 
—< Center Line of Pier ¢ 
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the new crossing is the only gm 
sora considerabledistanceupstream | 
C - town which is suitable for a bridge By 


this t . Thegorgeisof limestone, Jy yr 
‘ne eoun ness of which was verified by Tig a ww 1 . = a 
~ . core drillings at each pier site. § i Lil @ . | | 
ae a er: . | Ser | nt 
- 


cliffs about 770 ft apart pro- 
lent support for the’ short . 
-< which take the longitudinal train 
he height from normal stream 
e base of rail on the bridge 

Long, high rock fills serve 





1S Were - approaches on each side of the gorge. 
he struc “The design used was selected from 
upon it ong twelve preliminary studies as 
ing the most economical and requir- 
line, th ‘> the least amount of critical struc- 
did not HM swral steel. Whereas a steel arch 
effect 0; would have had perhaps the greatest 
> Was r eqgineering appeal, it was proved to 
den a require the most steelwork of any design PIERS FOR NEW BRIDGE, WITH ORIGINAL VIADUCT IN BACKGROUND, 
Or other Mi udied. As for simple spans on Sri, CARRYING TRAFFIC 
‘Teplace- HH masonry piers, viaducts on steel or re- 
d not be HM ;.forced-concrete towers, or an ordinary cantilever flanked under live load on the cantilever span, combined with 
t these HB}. simple truss spans, these proved not to be readily wind, is resisted by twelve anchor bolts 1*/, in. in diam- 
the old japtable to erection from the high cliffs, and they eter, embedded 10 ft in the concrete at each fixed shoe. 
OI press utilized materialsinefficiently. Thecontinuouscantilever These short piers are solid concrete masses of sufficient 
ir ieck-truss structure chosen was, on the other hand, par- weight to prevent tension from occurring on their bases 
stantial HM ticularly adaptable to cantilevererectionfromitstwoends. under any aombination of the design loadings. The 
iportant es >t A 77-ft 6-in. steel anchor piers, A and F, contain sufficient mass to resist 
le stru : ++, girder span on each safely the truss uplift which occurred at these points dur- 
aS some end completes the ing cantilever erection of spans BC and DE, and are en 
I Tatigue id structure to the rock gaged by four upset rods of 2'/,-in. diameter embedded 
ch mor | | : fills; itcan bereadily 32 ft in the concrete at each of the end link shoes. 
© danger ul | } jacked at the abut- The two high piers (Fig. 2), were made hollow for 
uirs at (— ments to counteract better curing of the concrete, and also to reduce horizontal 
ements i ekke | any settlements in the earthquake forces acting on their masses, so that the re- 
oe Os S| #t4 high fills. sultant reactions would always lie safely within the pier 
ssibulity Tt | The superstructure section and create reasonable unit stresses. The ordinary 
repia TJ of the new bridge, de- base pressure of dead load plus live load under the highest 
) “ sO" td signed for E-72 load- pier (C) is 9.5 tons per sq ft. The edge pressure on the 
ugh th es oe ae ing, is entirely of pier concrete at the rock foundations under the extreme 
Nat medium carbon steel combination of dead load plus longitudinal 0.1 g earth 
Pr aT with a design unit quake force, plus a 15-lb per sq ft wind blowing across 
the an = stress of 18,000 lb per the gorge, is less than 450 lb per sq in. The soundness 
hollow Sy sq in. in tension and _ of the rock in each foundation was verified during con 
= ine) bending. Horizontal struction by at least four drillings in each pier base, 


: earthquake forces of extending 20 to 25 ft below foundation level. The 


0.1 g were used in the foundation rock is at least as strong as the concrete. 


h of r L. Ld ' design. The main For the combination of dead load plus a wind of 50 Ib 

errs F scm atm cantilever span is 374 __ per sq ft blowing along the gorge on the projected area of 
me ft 6 in. long, and the both trusses, no tension will exist on the pier bases. 

eaquas "| WDeleaht oie ol central suspended span The high piers, as well as the end piers A and F, are 

_ + el Ga is 214 ft. It is sup- built with vertical sides, narrowed in steps, designed to 

nah | >a ported on roller shoes conserve form lumber, an intention which was fully 

a le ote onthehighcenter piers realized by the slip-form method of construction em- 

’ (Cand D, Fig. 1)soas_ ployed. The ends of these piers are of octagonal shape, 

i ‘ sz'6"i_} | |__o to relieve these piers a motif carried also into the end features of the trape 

"he — p—1—4 of longitudinal earth- zoidal traction piers B and £. The flat pier faces and the 

| H |_8'6" | quake forces from the angular junctions which result, harmonize architecturally 

Wir Z e 9 - superstructure, and _ with the rugged rock cliffs and huge boulders of the gorge. 

4 | tractive and braking A short, solid block of concrete caps each high pier, 

t forces from the live beneath which are the cellular sections, increasing in wall 

> ; ii | load. Fixed shoes on _ thickness from 3 ft 6 1n. at the top to § ft 6 in. just above 

“ the short piers, Band the base of pier C. There are two diaphragm walls 


E, deliver all these inside each pier. Beside the normal temperature re 

longitudinal forces to  inforcing, special bands of heavier reinforcing were placed 

Ari cael idl J the cliff tops. The in the outer walls at the base of each transition in pier 
2 LP Section or a Tate tendencytoelasticup- width to resist the outward components accompanying 
VIER LLULAR DesiGn Usep lift at piers B and £ the vertical pier forces at these sections, and there are 
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[ Pu ee ee 200nge Wroegt | piers C and D the structure is safe against . erturnj, 
"bon healer - 819)" — 7 not only because the resultant of the vertical forces yna,4 : 
Base of Rai & {"" Check Plate by, ce nly specified wind loads falls inside the shoes, b a . \ 
i ant ft +e <4. Walkway YW) it cause each continuous group is supported on te ~ f lI 
= tah reactions at the same level, and a third pier r: tice o 
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TYPICAL SWAY FRAME 





C AND D 


SECTION AT PIERS 
SHOWING SWAY 


Cross SECTION OF BRIDGE 
AND BEARING SHOE 


CoMPOSITI 
FRAME 


Fic. 3 


similar bands of steel in the diaphragm walls. Each pier 
has a solid concrete block for a base. Access to the 
interior of each of the two hollow piers is provided 
by a door at the bottom and a vertical entrance down 
through the pier cap, while the diaphragm walls also 
have access openings at top and bottom. 

In view of the great height of piers C and D, and the 
fact that their tops must always offer reasonably exact 
shoe centers for the steel superstructure, a study was 
made of the bending effect of differential temperature 
on opposite pier faces with the sun shining on one side 
only. Assuming that a temperature differential of 50 F 
could exist, varying uniformly throughcut the pier mass, 
a pier-top deflection, longitudinal to the bridge, of 5*/, 
in. would be obtained. But this cannct occur because in 
the short time that the sun shines on one side only, the 
temperature gradient in such a pier mass was found by 
analysis to penetrate hardly more than several inches 
beyond the surface of the concrete. 

In cross section (Fig. 3), the superstructure of the 
bridge has trusses spaced 19 ft from center to center, es- 
tablished after careful studies of the overturning forces 
acting on the steelwork, and of the stiffness cf this con- 
tinuous-cantilever design. The spans are positively 
anchored at piers A, B, FE, and F. At the roller shoes on 





higher level. The result is a structure inhere: 
against overturning. 

The 26-ft 9-in. panel lengths of the truss spans pem 
the use of rolled beam stringers and a simpk systen 
top bracing framed into the top flanges of the strip ~ 
Sway frames occur at the vertical columns, while th 
lateral loads are delivered to bottom chord bracing at thd 
ends of the suspended span and by special vertical] framed 
over each pier. Wind tongues in the bottom lateral oy. “yn 
tem deliver the lateral loads from the ends of the aan 
pended span to the cantilever arms. sar 

A wrought-iron metal deck over the ties and gyay es 


thy , 
LV Stahl 
LaDia 





. ' \ vs 
rails, and checkered plate walkways on the deck. shiel 
the steel structure from the corrosive action cf brin a es 
drip and protect the timber ties against fire. An ey ee 

lequipme 


trical stop is provided in this deck protection by a long; 






























tudinal wood strip on the bridge center line, and the tig + 
plates are on insulation pads. The deck has stee} ryjJ ae 
ings, through which access may be had to ladders Jeag Cuital 
ing down to the pier tops and to an inspection waj , ze 
which runs the , angi 
length of the struc- cage 
- re the 

ture. All pier tops ee 
are protected by op; 
railings. she a 
A specific erection + 1 
scheme wascontem- a. 
plated in the design “ sat 
of the superstruc- o_aam 
ture, and the trusses vil sv 
were analyzed for it. re 
After spans AB and “) 
EF were erected on oe ofte 


falsework, spans BC 
and DE were as- 
sumed to be erected 
by the cantilever 
method to land on 


erial be 
but crus! 


uincient 


the high piers C and The id 
D. Erection was Lewy ine 
then assumed to be , : , enwoy 

continued by the Strip Forms Were USED ON TH: = 
cantilever method, 1. See Ct aaa 
with the top chord joint over piers B and £& only pinned....1 


and bolted, until junction would occur at the center ling... qui 


between piers Cand D. With this junction effected, ound ¢) 
was assumed that the suspended span would be swung ncoccont 
Then, with only the weight of essential steelwork ani he wns 
erection track on the structure, the top chord joints ove. rep) 


piers B and E were to be freed so that nocontinuity would, the o«, 
exist under this condition, and these joimts were then (ented o 
be reamed under no stress and riveted to make spans AB 


onstruct 
and DEF continuous under all live load and all additionay..: 4 6, 
dead load. One step was varied to suit erection cond ec mn, 
tions, but design stress assumptions were precisely realize yer 
The Pecos River Bridge is owned by the Texas 20... ¢, 
New Orleans Railroad Company of the Southern Pact 0. ot), 
Lines, for which R. W. Barnes, now vice-president, "HBveathere, 
chief engineer. Modjeski and Masters, engineers 10T UG@ipora) Ss 
design and supervision of construction, were represetarly jn \ 
in the field by O. F. Sorgenfrei as resident enginett truction 
The substructure, containing 15,455 cu yd of concriase req, 


was built by Brown and Root, contractors of Houstooiain ever 
Tex. The superstructure, containing 2,650 tons of strue 


tural metal, was built by the Bethlehem Steel Compa") Hind 


lump tri 


eTac 











an ‘Ids in the Pacif 
al Air {ie 
ction at Coral | d Extenswely for Roads and Runways 
By WieiuaM F. Luce 
7 . rim ComMANDER, Civit Encrneer Corps, U.S. Navy 
yVSten 
Stringer 
while thd HE usual description of a tropical island, with 
ing at th iense, malaria-infested jungles and incessant rain, 
Cal frame kes it sound most unsuited for the waging of war, 
iteral sy... the abundance of coral on most of the Pacific islands 
the sus reality made them rather well suited for the rapid 


ent of continuously usable bases. All-weather 
parking areas, and roads, built within ten to 













unwavs 
ck, shield, vs on island after island by the Navy’s Seabees, 
| Cf bring =n under very adverse conditions and with limited 
An ele ‘oment, can truly be called miracles of construction, 
"Y a lor they were possible only with coral. In fact, coral 
nd the tig well be called the world’s best natural material 
Steel rai] nwav construction. 
ders lead Suitable coral for construction varies widely, from 


tion walk ockets that look and feel just like flour, to hard under 
water reefs that require heavy charges of dynamite be 
re they can be handled with a backhoe or dragline. 
The important criteria for good coral are purity (as little 
to 10°% of clay or humus will often make it unstable 
hen wet), and the presence of cementing material. 
‘he latter will leave a fine white deposit on the hands 
when a wet specimen is handled. Coral from which this 
naterial has been removed, such as coral sand produced 
w wave action, or coral that has been badly weathered, 
il not set up. A layer of earth and vegetation, fre 
tly only a few inches thick, protects the coral on 
islands from weathering. Coral blasted from a 
reef often appears to have insufficient cementing ma 
erial because of the washing incidental to handling, 
wt crushing with a sheepsfoot roller will usually produce 
ficient to set it up. 


RAIN DID NOT STOP WORK 


lhe ideal sites for runways were on islands where only 
afew inches of earth overlay the coral. In such locations 


ruiway construction involved only removal of trees, 


hen = ping, grading, and rolling to shape. The most rapid 
truction was obtained by stripping deep to remove 
ly pinneqirtually all the top soil. Clean coral can be worked 
nter HOG hen quite wet; because of this, construction proceeded 
ected, round the clock at one island during eight days of almost 
€ swung essant rain. 
work and [he writer saw three runways where large areas had to 
ints vel, rebuilt because excessive foreign matter was present 
ity WouMn the coral. The tracking in of mud by vehicles pre 
emg? ted one of the toughest problems, especially on road 
pans ADE nstruction; this was greatly aggravated by the fact 
ditional i coral island which had excellent natural drainage 
= re came a sea of mud under traffic. The admixture, how 
reat, of clean sand, particularly coral sand, does not 
CXS “MEE Ppear to be injurious to coral. 
im Fes ; Un other islands, a subgrade was formed of sand, badly 
lent y eathered coral, or clay, and covered with 8 to 10 in. of 
rs tor & ral. Sand, of course, was the desired base, particu 
pie arly in view of the heavy rains. The 46th Naval Con 
engi’ ection Battalion completed a coral runway on a sand 
c — ase requiring considerable grading in 11 di 1ys, despite 
Hi a ‘am every day. On this project coral was hauled by 
a lump trucks from a nearby pit, spread by bulldozers 
ympa : 


‘graders, given a few passes with a sheepsfoot roller, 
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ALSO 


TAXIWAYS FROM DISPERSED HARDSTANDINGS WERE 


CoraL PAVED 

fine graded, and rolled with a 5-ton tandem roller. In 
addition to the rainfall, salt water was applied during 
rolling by improvised sprinkler trucks to produce a hard 
crust much like concrete. 

Coral has numerous other desirable qualities. It makes 
a fast runway well liked by pilots. Usually it is not 
dusty, but if it is, a quickly laid sprinkler system along 
the runway can control this. Asphalt surfaces were 
applied in some cases. Coral drains well, and ‘“‘bird 
baths” can be quickly eliminated by reblading or adding 
new material; the bond between layers is automatic, 
without scarifying. Bomb craters or scars from belly 
landings can be quickly repaired in the same way. Run 
ways taken from the Japanese, dotted with craters 10 
to 20 ft wide, have been made usable in a day or two. 

Coral seems made to order for maintaining runways 
with Marston-mat steel surfacing. Areas showing signs 
of failure are repaired without affecting flight operations 
by brushing screened coral through the openings in the 
mat. Henderson Field on Guadalcanal was made to 
hold up under its heavy traffic in this manrer, and 
another important South Pacific bomber base was saved 
in the same way. 

Coral and portland cement produce a fairly good con- 
crete. Coral sand makes excellent fill. A marsh that 
could not be crossed on foot was filled by bulldozing in a 
fill to 2 ft above the permanent water table, and the coral 
runway placed on this fill showed no signs of distress. 

Airfields constructed in the combat zone naturally vary 
markedly from those built in the United States. Cer 
tain design features, however, which proved satisfactory 
at advance bases, appear practicable for use elsewhere 
Local conditions often require or permit major changes 
from norinal designs. 

Two such conditions found in much of the South Pacific 
are heavy rainfall and relatively moderate winds. The 
former, usually in excess of 100 or even 150 in. a year, 
made quick surface drainage a prime factor. Runway 
crowns of 1.7% were found best, and a 2.0° crown on 
one fighter runway was never objected to by the operat- 
ing personnel. Shoulder grades ranged from 1.7 to 5%, 
and led into flat-bottomed ditches that were drained 
readily, usually through deep open ditches. The rela- 
tively moderate winds, which often prevailed in one 
direction or two reciprocal directions, usually made it 
possible to build only one runway, or two or more parallel 
runways for large bases. 

A 150-ft surface was used most of the time, and 75-ft 
smooth shoulders to form a 300-ft runway proved most 
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EXCAVATION OF BLASTED REEF CORAL AT PONAM 





CoraL TruckKep To Arr Strirp WAS SPREAD AND CRUSHED 





PROPER EQUIPMENT SPEEDED COMPLETION OF ADVANCE BASES 
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satisfactory. Narrower runways seemed to resyjt ;, 
higher operational losses, particularly at one bomber 
base. A cleared width of 300 ft appears sufficient for 
fighter planes, though 500 ft is very desirable for heay, 
bombers. Longitudinal runway grades as high as | 750 
have been used for fighter planes and light bomber 
though 1% appears to be the maximum for medium ay; 
heavy bombers. Changes in grade should not excoa 
0.3% per 100 ft, and a 0.2% maximum produces a bette, 
runway. Glide angles of 1:40 for fighters and 1:59 jo, 
bombers were provided, even when heavy clearing Was 
involved. The provision of runover areas at each en) 
of the runway, if only 200 to 300 ft long, will result jp 
the saving of several planes during the life of a base. 
For fighters, 40-ft taxiways, with a 100-ft width clea, MM At t 
of all obstructions, including parked planes, should jp 1o44, th 
provided. For heavy bombers, 60-ft taxiways with 175.4 HM pleted a 
clearance are needed. Taxiways should have a 25° m the . 
crown in areas of heavy rainfall and should have 10-j; \Monong 
shoulders. Longitudinal grades should be limited t 
2.5%, and changes in grade to 1% per 100 ft. Wide 
connections with runwaYs and large areas adjacent ty 
them for warming up and for ready planes are mog 
desirable. A taxiway joining the two ends of the runway 
is essential for efficient operations, of course, and a con. 
necting link joining the runway at a point approx- 
mately two-thirds of its length from the down-wind 
end will usually eliminate much taxing after landings, 
A connecting taxiway between air bases located within a 
mile or two of each other has proved very useful at some 
bases, besides providing a safety factor. 


\lahonu 


SOME UNIQUE CONSTRUCTION FEATURES 


Certain other features of advance military air-bas 
construction have no counterpart elsewhere, such as 
clearing and heavy grading by moonlight to keep from 
being shelled and bombed. Land mines, grenades, duds 
and such, are encountered in areas which apparently 
have become quite safe. Conducting the constructio: 
so as to permit emergency landings at almost any stag 
of the work has resulted in the saving of several planes 
and crews. The clearing of obstructions on the 
proaches should be one of the early items of constructior 
Since many Pacific air bases were built in groves of coo 
terially affected progress. As they were always planted 
in rows, it was possible on coral islands that had littk 
top soil to literally mow them down by pulling a long 
heavy cable behind two large tractors, taking down 4 
row of trees at a time—usually 70 to 80 ft high. Even 
large hardwood trees could usually be pushed over by 4 
bulldozer on this type of island. 

The use of materials at hand was, of course, impera 
tive. Practically all culverts under roads, taxiways, ‘ 
runways, were made by welding heavy fuel drums 
gether; they were quite satisfactory. A rather m 
genious arrangement at one base, to permit bombers with ) 
exceptionally heavy loads to take off, was to extend th has ma 
runway to a 75-ft bluff dropping off into the oceal tion 11 
Similarity to a carrier’s deck was obtained by the 5/0 
Construction Battalion by finishing the surface as clos 
to the bluff as possible and then blasting off the 
mainder. 7 

In few activities did the Japanese seem to be as badly 
outclassed in the war in the South Pacific as in construc 
tion. They seldom employed heavy construction equip 
ment, and would probably have trouble identuyims 
some of their old bases even a few months after the) 
were captured. One Japanese runway was partially 
corduroy construction, built with palm logs. 
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Control of Floods at Pittsburgh Planned 


Operation of 14 Reservoirs Scheduled by Corps of Engineers 


By Emit P. Scuu een, Assoc. M. Am. Soc. C.E. 
Senror Encineer, U.S. ENGINEER Orrice, PitrssurGu, Pa. 


ESERVOIR construction in 
the upper Ohio River basin 
has progressed to the point 
ghere the general effectiveness of 
the food control can be determined. 
jt the close of the calendar year 
4. there were substantially com- 
oleted and in operation 4 reservoirs 


the Allegheny basin, 2 in the 
Monongahela basin, and 2 in the 
\ahoning River basin (a subdi- 


jon of the Beaver basin). The 
ict two mentioned are not effective 

lischarges at Pittsburgh, but 
wre part of the reservoir system for 
orotection of the upper Ohio Valley 
venerally. The reservoirs in the 


Allegheny basin are for the purpose of flood control alone, 
t those in the Monongahela and Beaver basins are for 
both flood control and low-water regulation. 
reservoirs, together with the allocation of storage in each, 
e described in Table I, and their general locations are 


wn in Fig. 1. 


Certain temporary modifications have been made in the 


us for operation of the 


hy NG the years of record, the 
City of Pittsburgh has had an 
average of a little over one flood each 
year. Some of these have been disastrous. 
Studies begun by the Corps of Engineers 
in 1924 have been revised and now form 
a plan for 14 control reservoirs to be 
operated jointly. Eight reservoirs have 
been completed; the others are planned 
for construction when conditions permit. 
In this paper, which Mr. Schuleen pre- 
sented at the Society's Annual Meeting, 
before a joint session of the Hydraulics 
and Waterways Divisions, the operating 
schedules for the reservoirs in the upper 
Ohio River basin are discussed. 


These ments. 


fiow of the Mahoning River to facili- 
tate production of war goods by 
plants along that stream, was demon- 
strated during the early years of the 
war, when repeated reuse of water 
frequently caused river temperatures 
to rise as high as 120 F or more. A 
decision regarding the ultimate plan 
of operation for the Berlin Reservoir 
has been deferred until hostilities 
cease. 

With these exceptions, the com- 
pleted reservoirs are being operated 
as originally intended, for the pur- 


poses indicated in Table I. It 
may be noted that operation of 
the Youghiogheny Reservoir for 


power generation is to be contingent upon the construc- 
tion of additional headwater storage and power develop- 
If and when these additional projects are con- 
structed, the allocation of storage in the Youghiogheny 
Reservoir, other than for flood control, will be modified to 
conform to hydroelectric power requirements. 
meantime, that is, after the war is over and until such time 


In the 


as the development of hydro- 





ughiogheny and Berlin 
reservoirs in the interest of 
furthering, the war effort. 
Work on relocation of the 
National Pike” (U.S. High- 
way Route 40) across the 
Youghiogheny Reservoir was 
ispended early in the war to 
critical materials. 
[his reservoir is therefore 
limited to operation for flood 
ntrol alone, until such time 
s relocation of the highway 
nbecompleted. The urgent 


nserv¢ 


i the Mahoning River, be- 
the extent originally 


adequate discharge at reason- 
bly low temperatures for the 


ising the river water for cool- 
] 

las Made necessary a modifi- 
the plan of operation 

he Berlin Reservoir. The 


ryiy 
) 


‘y adequate flood protection 
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electric power may be under- 
taken, the storage indicated in 
Table I as allocated to low- 
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incr oak POSS water regulation will be used to 
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Arr yy Monongahela rivers in the 
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interest of general water supply 
and the abatement of pollu- 
tion. Low-water regulation 
by Mosquito Creek Reservoir 
is for the same general purpose 
as that by Berlin Reservoir. 
These 8 reservoirs and the 
Milton Reservoir (immediately 
downstream from the Berlin 
Reservoir) provide for control 
of 15.8% of the drainage area 
above Pittsburgh and 13.7% 
of the area drained by the 
Ohio River above Wheeling 
(Lock 12), W.Va. These per- 
centages do not include 158 sq 
miles of area tributary to 
Pymatuning Reservoir, owned 
and operated by the Common- 
wealth of Pennsylvania *for 
flood control and low-water 
regulation, nor do they in- 
clude areas tributary to reser- 
voirs owned and operated by 
other public or private agen 
cies for water supply or genera- 
tion of hydroelectric power. 








forthe Youngstown, Ohio, area 
‘he need for considerable im- FIG 
vement in the low-water 


1. EXISTING AND PROPOSED RESERVOIRS IN THE 


Upper Onto RIverR BASIN 
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With the exception of Pyma- 
tuning Reservoir, however, 
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these non-federal developments are not operated to pro- 
vide dependable flood control, although in some instances 
they do have a regulating effect on stream flow. 

In addition to the projects already completed, studies 
have been made of six other reservoir possibilities to serve 
as a basis for expanding the system. These reservoirs, 
together with the proposed allocation of storage for vari- 
ous purposes in each, are also described in Table I, and 
their general locations are shown in Fig. 1. With the 
exception of that on the Conemaugh River, all the addi- 
tional reservoirs would be for the dual purpose of flood 
control and low-water regulation, or of flood control and 
hydroelectric power development. 

Low-water regulation by the Allegheny River Reser- 
voir would result in abatement of pollution in that 
stream and improvement in the quality of the river water 
for domestic and industrial use. The Mill Creek Reser- 
voir on the Clarion River and the Rowlesburg Reservoir 
on the Cheat River would be for the purpose of hydro- 
electric-power development in addition to flood control 
Both these reservoirs are parts of comprehensive hydro- 
electric-power plans involving construction of additional 
storage and head developments in the tributary basins. 

The Shenango and Eagle Creek reservoirs, in addition 
to flood control, would provide low-water regulation for 
the Shenango and Mahoning rivers, respectively. The 
former project in this respect would supplement low 
water regulation by Pymatuning Reservoir, and the 
Eagle Creek project would supplement regulation by the 
Berlin, Milton, and Mosquito Creek reservoirs. The 
effectiveness of all the reservoirs in the Mahoning and 
Shenango basins would extend throughout the length of 
the Beaver River, which is formed by the junction of 
those two streams. 

The reservoirs on the Conemaugh River, Allegheny 
River, Shenango River, and Eagle Creek are included in 
the general comprehensive plan for flood control and 
other purposes in the Ohio River Basin, as approved by 
Congress. Construction of the Rowlesburg Reservoir 
has been recommended by the Chief of Engineers, U.S. 
Army, but the Mill Creek Reservoir is still under con- 
sideration. If all these reservoirs are constructed, the 
percentage of drainage area controlled will be extended 
to 43.6% of the area above Pittsburgh and 37.4% of the 
area above Lock No. 12 on the Ohio River. It should be 
emphasized, however, that funds to initiate actual con- 
struction work have not been allotted for any of these 
proposed additional developments. The extent to which 
they may be included in the ultimate reservoir system is 
therefore open to question at this time. 

Detailed, coordinated operation schedules have been 
prepared for each of the completed reservoirs, and are 
now being used in their operation to serve Pittsburgh 
and the upper Ohio Valley generally. Similar detailed 
schedules have not been prepared for any of the six 
possible additional developments. Operation plans for 
these have been limited to such approximations as were 
found necessary to permit a fair estimate of the eco- 
nomic value of the various projects. 

The detailed, coordinated plans for operating the reser- 
voirs now in use are composed essentially of five separate 
schedules, designated as follows: 


Routine Operation 

-Minor Rises 

Schedule C—-Flood Control 

Schedule D—Water Supply Storage 

Schedule E—Release of Water Supply Storage 


Schedule A 
Schedule B 


— 


Schedule A provides for the routine passing of flow 
through the reservoir when storage or release of water 
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is not required for any specific purpose. This s-} 
applicable primarily to those reservoirs serving | 
only flood control, or to those periods of the 
that function alone is intended. When low-waterr 
tion also is one of the reservoir purposes, routi; 
tion is essentially absorbed in Schedules I) ang 
Schedules B and C are designed to provide a basis for 
control of excess stream flow, while Schedules D and 
establish the procedure for storage and release of 
for low-flow regulation, when the latter functions 
a part of the reservoir purposes. 

The same general pattern has been used in the 
velopment of schedules for all the completed reseryp 
However, the controlling conditions and the details 
operating instructions have been designed to fit 
particular requirements of each individual reservoir, 
each case, the governing conditions are stated as spec 
values of time, stage, or elevation, and the correspondi 
operating instructions are stated as specific degrees 
opening for the needle valves or gates in the outlet cop. 
trol works. The number of the particular valve or gat. 
to be used is also given, to provide as far as possible {oy 
symmetry of flow in the stilling basin when more than on 
outlet is in use. 


ene ral 

SCHEDULES ARE FLEXIBLE The 
Although the various schedules are written in a fim — 
and commanding style, they are intended primarily x eee 
guides in the exercise of judgment. This is true «&. pt 
pecially of Schedules A, B, and C. Obviously, it woud ~. . 
be impossible to incorporate into a concise schedule al ay - 
the many factors that must be considered in providing apie 
effective reservoir operation. Deviations from the stri¢ eaiien 
terms of the schedules therefore are permitted when it js oan 
evident that better results will be obtained thereby. soli 
Schedule C is designed to provide a basis for operating fii A al 


during general floods of all magnitudes up to and in 
cluding what might be termed the “reasonable maui. 
mum.'’ Should a flood of greater proportions occu 
particularly in the basin local to a specific reservoir, 
operation according to the general flood-control schedule 
might result in the premature filling of this reservoir. 4 
special schedule has therefore been prepared for use unde 
such circumstances. However, since this schedule als 


ttendat 
he pren 


RESERVOIR STREAM BASIN PurRpPos 
Existing F 
Tionesta Cr Tionesta Cr Allegheny FC AM 
Mahoning Cr Mahoning Cr Allegheny FC 
Crooked Cr Crooked Cr Allegheny FC 
Loyalhanna Cr Loyalhanna Cr Allegheny FC 


Tygart R Tygart R Monongahela FC, LW 


Youghiogheny R Youghiogheny R. Monongahela FC, LW,‘ 


Berlin Mahoning R Beaver FC, LW 
Mosquito Cr Mosquito Cr Beaver FC, LW 
Proposed 
Conemaugh R Conemaugh R. Allegheny FC 
Allegheny R Allegheny R. Allegheny FC, LW 
Mill Cr Clarion R Allegheny FC, WI 
Rowlesburg Cheat R Monongahela FC, W! 
Shenango R.. Shenango R. Beaver I LW 
Eagle Cr Eagle Cr. Beaver FF W 
Legend FC = flood control C = concret gra 
LW = low-water regulation dam 
WP = hydroelectric power U = uncontrolied 


E = earth dam of selected rolled fill G = gate controlle 


serves as a basis for operation by the dam tenders during 
an emergency, it has been included in ‘Emergency ! 
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utlet cop. l C'YGART RiveR DAM DISCHARGING FROM NEEDLE VALVE No. 2, at LOWER Lert OF SPILLWAY SECTION 
ve OF gate Similar Needle Valve Is Located at Extreme Right, but the Eight Outlets Between Are Slide-Gate Controlled 
ossibl. 
thar or ” * . . = . . 
— ns to Dam Tenders’ rather than among the forming all necessary operating functions, do all the 


neral schedules. ordinary maintenance work in connection with the dam 
The “Emergency Instructions to Dam Tenders’’ are and its appurtenances. Normally all three dam tenders 
nsidered necessary in the event that all forms of com- work on the daytime shift, but their number permits the 
++ munication between the District Office and a dam are assignment of one man to each of three shifts during 
marly SH-runted, although this possibility is extremely remote. periods of flood or other emergency. 


5 true es ‘1 - . J ° ° ° . ; i. 

a In addition to regular telephone service, each dam is All operations having to do with storage or release of 
' s 

; x would rovided with radio transmitting and receiving equip- water are made only on specific orders from the head 
lie 1 ° . ° e oo * 4 . . . ° . 

aeclule af ent. and with a generator set driven by a gasoline engine quarters of the Flood Control Section in the District 

g » 

_ g furnish emergency power. Nevertheless, it has been Office, except as provided for in the emergency instruc- 
1€ Strict : . . e e ae e amin & ‘ p . » . 
bi nsidered advisable to take the precaution of providing tions. This headquarters group in the District Office is 

when it i ‘ , . 4 : ° “4 " : 2 4 
a jam tenders with instructions for use should such an un- composed of a small number of engineers. In addition to 

eDYV . . ° . ° . . . 

: reseen emergency arise. certain other functions, it is charged with the duties of 

Nn 

OD ‘Tati ‘ . . . . . . . . . . 
os \ general outline of the personnel organization for planning, coordinating, and directing the operation and 
agen peration and maintenance of the various reservoirs will maintenance of all reservoirs and other flood-control 

b] 

) } ‘ . . ° 

; ilitate an understanding of the emergency instructions works. 

Is (0 . ; “s ~ . . . - . 

urnished to the dam tenders. Each dam has three Considering the detailed nature of the emergency in- 

Te rvor . . . . . . ° Tt . 

| +t : ttendants, two of whom are provided with residences on structions, the question might well be asked, “Is it 

 Scnedctuie P . °,* - ° ° ° 

he premises. These three employees, in addition to per- necessary for dam tenders to be provided with instruc- 

rvoir. 4 . 

rh TABLE I EXISTING AND PROPOSED RESERVOIRS IN THE UPPER OHIO RIVER BASIN 

cui . DRAINAGE ARBA ALLOCATION OF RESERVOIR STORAGE 

Above FC LW or WP 
LLWAY Sq. Mi. at | Above Wheeling Dead Total 
[vPe Dam Pittsburgh Lock 12 Season Acre-Ft Acre-Ft In Acre-Ft In Acre-Ft 
183 2.5 2.0 All 7,800 125,600 4.9 133,400 
341 1.8 1.4 All 4,500 69.700 ,8 74,200 
78 1.5 & All 4.500 80 500 6.0 94.000 
291 1.5 co All 2,000 93,300 6.0 95,300 
1,183 6.2 4.8 Winter 11,200 278,400 4.4 289 600 
Summer 11,200 178,400 2.8 100,000 1.6 289 600 
$35 2 3 1.7 Winter 5,000 150,000 6.4 99 000 ..3 254,000 
Summer »,000 100,000 ’.3 149,000 6.4 254,000 
275 1.1 Varies 1,800 11,500 to 0.8 to 105,000 7.1 118,300 
116,500 7.9 
I O7 0.4 Winter 5.000 {3.000 6°4 69,000 13.3 107.000 
Summer 5.000 22 000 } 80 000 15.4 107 000 
Subtotal 15.8 13.7 
1,351 oe 5.5 All 4,000 270,000 $8 274,000 
2,190 11.4 8.9 Winter 20,000 910,000 7.8 195,000 1.7 1,125,000 
Summer 20.000 585.000 5 0 520.000 1.5 1,125,000 
833 4.4 $.4 Winter 90,000 222,000 5.0 544,000 12.2 856,000 
Summer 90,000 148,000 3.3 618,000 13.9 856.000 
041 4 9 ;.8 Winter 147,000 251.000 5 0 492 000 9 8 890 000 
Summei 147.000 167,000 $3 176,000 11.5 890,000 
44 2 Winter 14,000 113,000 1.9 127,000 
Summer 14,000 88,000 $8 25,000 1.1 127,000 
95 0.4 Winter 7,000 33,000 6.5 59 000 11.6 99,000 
Summer 7.000 22 000 4 70,000 13.8 99,000 


Subtotals 27.8 23. 4 


Totals 43.6 37.4 
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tions covering operations during the entire flood period, 
when it would be possible for someone to go from Pitts- 
burgh to the dam in a few hours to take charge of opera- 
tions?’’ The latter is exactly what would be done under 
the circumstances, but it should be remembered that 
these instructions would serve also as a guide to the 
District Office personnel in operating the reservoir during 
a flood of extreme proportions. 

In Table II are outlined the effects that each of the 
existing or porposed reservoirs had, or would have had, 
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Marietta, Ohio, to the mouth of the stream 
flood of March 1936 is the greatest of recor: . : 
burgh. During both of these floods, the Tygart R« 
voir was in process of construction but was not stifficienth 
far along to have more than a deterring effect on th 
flood runoff. ; 
An examination of Table II will disclose that reduc 
tions by the various reservoirs may not be in the bal 
relative proportion for all floods. This results from 
variations in the distribution of the effective rainfay ind 































































50 60 
sa i LEGEND ' 
ec ; 35 EESSS==] Reduction by Existing Reservoirs 45 
, 40 EN 50 om | LISA Reduction by Proposed Reservoirs 40 : This mu 
335 : , 45} ff ---rNeA- 35 45 35 i pe 
2 30 40} $4“ 30}. +—4 | 40} rn te | 30 « 
+) ><> Petes | ; , < 
S25 san 357 Flood Stage F a a lig Ss 35 <E~ Flood Stage 25} Pt ised Sthce , 
20 SS 30 20 = 0 ‘ 
17 18 19 20 17 18 19 20 22 23 24 25 26 27 22 23 24 25 26 27 28 29 30 31 1 2 : 
March 1936 March 1936 January 1937 January 1937 Dec. 1942 Jan. 1943 Dec. 1942 Jan. 198 
Pittsburgh, Pa Wheeling, W. Va. (Lock 12) Pittsburgh, Pa Wheeling, W. Va. (Lock 12) Pittsburgh, Pa Wheeling, W. Va. (Lock 39 
Fic. 2. Errect oF RESERVOIRS ON FLOODS AT PITTSBURGH, PA., AND WHEELING, W.VA. : 
on the floods of December 1942, January 1937, and snow melt. For example, during the March 1936 flood (on 
March 1936 at Pittsburgh and Wheeling. The overall a considerable portion of the runoff affecting peak stage 
effects of the existing and proposed reservoirs on these at Pittsburgh and Wheeling came from the Kiskiminitas 
floods at the same localities are also shown graphically,in River. The reservoirs on Loyalhanna Creek and the 
Fig. 2. Conemaugh River, both tributaries of the Kiskiminitas 
The flood of December 1942 is the greatest that has therefore would have provided more than their norm] 
occurred at Pittsburgh since the construction of the share of the total reduction during that flood. 
reservoir system was sufficiently advanced to provide — ce a a a 
appreciable benefits. At the time of this flood the a 
Tionesta, Mahoning, Crooked Creek, Loyalhanna, and The hydrographs of Fig. 2 indicate that even with the 
Tygart reservoirs were substantially completed and in 14 existing and proposed reservoirs in operation, floods fi: 
full operation. Construction of the Youghiogheny and would not be completely eliminated. These reservoirs, F 
Berlin reservoirs was advanced to the extent that they however, would fully control all floods except thos: 
were able to function as detention basins with all avail- great magnitude and would so reduce the latter as t procedu 
able outlet facilities fully open. Mosquito Creek Reser- render them of far less consequence. Should other flood-J after sit 
voir had not yet been begun and therefore had no effect control reservoirs be added, or should the proposed The 
on the flood runoff. storage and head developments for power be constructed ers, V 
The January 1937 flood is the greatest that has oc- in the Clarion, Cheat, and Youghiogheny basins, floods of HJ were su 
curred during modern times on the Ohio Riverfrom about great magnitude would be-even further reduced in in- A space 
tensity. Ina similar manner, should the Lake Erie—Ohy point p 
fasLe II. Fioop Repucrions, iv Feet, at Prrrssurcn ann River Canal be constructed, with the proposed large least 9 | 
WHEELING DvE TO RESERVOIRS summit reservoir on the Grand River in Ohio, flood Duru 
eee Waseiane (eee 1M. waters from the Mahoning River above Youngstown J caisson: 
Pa W.Va would be diverted into that reservoir, and the result SM ing ares 
a: a ten fn “ir hee would be complete elimination of floods in the Mahoning 3 the nor 
1 26, 18 31 26 19 River Valley and considerable further reduction in flood HM piers, a 
RESERVOIR 1942 1937 1936 1942 1937 1936 crests at Wheeling. progres: 
naan Ce 07 O07 086 os 03 a6 Unfortunately, definite action regarding reservoir con- f the « 
Mahoning Cr. . . 05 O38 O09 06 0.3 0.9 struction in the upper Ohio basin was taken so late in the verted 
peor nha “ : ; - : 4 z : ¢ : ; general development of the area, that most of the other- The 
Tygart R 05 O8 41.2 06 O08 1.3 wise good reservoir sites had already been occupied b first cof 
Youghiogheny R 0.2% 0.3, 0.8 0.2° 0.4 0.8 railroads, highways, oil and gas pipe-lines, electric trans: 3 row of 
~ oo ° + ° + a6 mission lines, and general industrial and communit) face of 
- developments. These advances have so restricted reset- jj timbers 
ePenee + ay oe oe a sts voir location that in many cases construction costs are With t! 
a a ae ef “ao “4 prohibitive, or development of the site to provide [ul B® outstr 
yor om _ 12 10 O86 1.5 1.2 0.6 control of the flood runoff is not economically feasible. driven | 
Mill Cr. (Clarion R 09 O08 1.9 li 90.8 1.9 It is probable, therefore, that the ultimate reservor fered fr 
Rowlesburg (Cheat R 1.1 0.7 1.2 1.3 0.8 1.2 of " e ° —-. ; 

+ ars mange Os of 010 plan, even if expanded to include projects for flood con HM of sheet 
Eagle Cr 01 O01 0.0 trol and other purposes in addition to the 14 existing MM rock ar 
Seeetes -s O88: Os os ae 33 and proposed reservoirs described in Table I, will not i rock 

completely eliminate all floods. In fact this probably single 

rotal os 6 BS BT US US cannot be done economically by storage alone. Residual bermed 

* Would have been doubled had reservoir been completed and in full opera- flood damages, however, would be relatively small, 20¢ 3 the inn 
os in most cases could, if desired, be eliminated by the co” not mor 
Joint effectiveness of Berlin and Milton reservoirs, less effectiveness of face of : 


Milton Reservoir operated alone 


struction of local flood-protection works. 
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Open Caissons for Ohio River Dam 
Successfully Sealed 


By H. P. Winn, Assoc. M. Am. Soc. C.E 


Mayor, Corps or ENGINEERS, ArMy Service Forces, PirrssurGu ENGineer District 


at redue. 
ults fr ~ 


uinfall and aiid —— , cali 
“7 NSTRUCTION of Montgomery Dam, on the After the area within the cofferdam was dewatered, 


io River 32 miles below Pittsburgh, involved it was leveled off at an elevation about 25 ft above rock. 
use of open caissons as foundation shells. Four-foot lengths of 4 by 12-in. timber were then placed 














a | thod was chosen by the contractors, Booth and _ side by side at right angles to the line of the cutting edge 
\} Company, as being less expensive than alternative of the caisson, and on these the half I-beam cutting 
% edge was laid with the flange vertical (Fig. 2). Next, 

\ . . the forms for the first lift were placed and heavily blocked. 
X a Ez Collapsible well forms used for the openings in the 
sah i tr caissons eliminated much trouble in setting and removing 
as y ; Ten days after the first lift was poured, the second was 
i * placed, and five days later the ee 
2 ae! Me: - cic A a 1) caisson was sunk to a depth not | eae 
: 4!0 510" 510" 510 ?| exceeding 12 ft. The third lift / 
' of a So. 2 was then placed. When the / 
Leoahe << ~ 6'5" =< 15! Ol! pee 10! 0"! ee - : 

136 ff g 3 + | | | 19" forms were removed (in three to Sand 

ak stages 7 a eee Nae i five days, according to weather Gravel | lh —— 

kiminitas i 4, ee : conditions), the caisson was sunk FP sins wien | 

and a \ f | the remainder of the distance to bene” | 
cuminit = | | | | rock. When the two adjacent —————— 
ir nor a Ys eee Medea? - Naar caissons had been landed on _ Water Course Relief Pipe 
t AER kOe ~ rock, interlocking steel sheet pyg.2 Section THRovGcH 
piles were driven across the CuTTiInG EDGE OF A 
= ,. Space between them on the up- CAISSON 

with t stream and downstream sides. 

mn, fi ' Seating of the cutting edge was accomplished by 

eSery 1. PLAN or TypIcaAL Prer AND Sirti Carssons chipping out the rock inside with a pneumatic jack 

thos hammer, or in certain instances by light blasting. When 

ter as rocedures. The prime problem was to seal the shells the caisson yas finally seated, it was embedded about 
ier fi ter sinking to bedrock, thus assuring a dry foundation. 3 in. in rock and made to bear fairly evenly at all points. 
prop he entire structure of the dam, consisting of eleven After the overburden had been excavated and the 
istru was built upon the caissons. Separate caissons rock surface given a preliminary cleaning, all faulty 
floo were sunk for piers and gate sills, as shown in Fig. 1. material was removed. A keyway 5 ft deep and 8 ft 
ed in nace of about a foot between caissons at the narrowest wide was excavated in rock throughout the entire length 
ne-Ul int provided working room. At all. other points at of the dam, joining one that was left under the river wall 
ed lar t 5 ft of space was left to provide room for dredging. of the locks at one end of the dam, and the abutment 
i0, fi During construction of the foundation 

ngst uissons, two cofferdams enclosed the work- 

le re garea. The first closed the abutment on 

lah the north end of the dam, together with six 
in fl iers, and included the gate sills. When 

rogress permitted, the remaining section 

voll | the dam was enclosed and the river di- 

te! rted through the completed part. 

ut (he upstream and outstream arms of the 

Ipie irst coflerdam were composed of a double 

1c Uf row of steel sheet piling, while the inside 

amt lace of the lower arm was of 4 by 12-in. 

1 res bers placed vertically on the river bed. 

osts With the exception of the upper and lower 

vide utstream corners, none of the piling was 

sible nven to rock. The second cofferdam dif- 

eser lered Irom the first in that the inside row 
of ' sheeting on the upper arm was driven to 

existiig i rock and the outstream arm was also on 

will not rock. The downstream arm consisted of a 

robably HM single row of steel sheet piling heavily 

esidual vermed on both sides. In both cofferdams, 
ull, an¢ HM the inner wall of the upstream arm was 

the col tot more than 7 or 8 ft from the upstream Concrete Carssons WERE SUNK TO Beprock WHILE THREE 


Lirts WERE POURED 


piers. 
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wall at the other end. At appropriate points, pump 
sumps 10 or 12 ft in diameter and 7 or 8 ft deep were 
blasted in the rock. 

Leakage in the cofferdam and its proximity to the 
structure made the use of pumps necessary at all times. 
\s soon as a caisson was sunk to rock, the water natu- 
rally followed down the side through the loosened sand 
ind gravel and appeared under the cutting edge, gener 
illy on the upstream Even after final seating, 
enough was present in the caisson to present a problem. 
Where the rock was badly laminated, a certain amount 
of water worked in through the seams. 

[fo prevent leakage under the cutting edge, a small 
concrete seal wall, 2 ft by 2 ft, was poured along each 
cutting edge where necessary. The water thus confined 
was relieved through pipes and led out of the caisson by 
1 pipe or a covered trench. Any other seepage not 
confined by the seal wall was conducted in the trenches 
long the bottom of the keyway to a point just inside 
the limits of the pour, where a neat cement dam held an 
outlet pipe. 

Che upstream and downstream well of each of the pier 
caissons was poured by the tremie method. After the 
caisson had been pumped out and the rock foundation 
of these two wells approved, the entire caisson was 
allowed to refill with water. Since the piers were the 
first to be sunk to rock, this filling did not present a 
difficult problem, as the caisson was entirely surrounded 
by sand and gravel and the water in no way interfered 
with the lowering of the sill each side. 
[remieing was done through a 10-in. pipe attached to a 
hopper suspended from a derrick, so as to be adjustable 
in height Ten feet were poured in this way. This 
method proved very successful. After a reasonable 
curing period, the water was pumped out and the two 


remaining wells were poured in the dry in the usual way. 


side. 


caissons on 


GROUTING OF CAISSON 


Grouting of the trenches and relief pipe was a separate 
feature. A system of about seven pipes from an entire 
pier or sill caisson was led into an adjacent open well. 
Mounted on the caisson over this well was a pneumatic 
concrete blower of l-cu yd capacity. 

In combating a water head, it is necessary that grout 
be forced into the system rapidly and in as large a vol 
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MONTGOMERY DAM ON On10 River, FOUNDED ON OPEN CAISSONS 





ume as possible. A “‘blower’ was better adapte: to 4 
than an ordinary grout machine. At all locations j,. 

the last four, grout for the blower was mixe: a; 4, | 
central plant and conveyed in regular concrete byct,, 

The buckets were scaled, and a 4-in. valve was inser. 

at the bottom through which grout could be draj; 

Although a sand-cement grout was used at first. , 

cement was finally adopted as being more satisfac; 

To avoid lumpiness, all grout was strained throyot \ 
screen of '/,-in. mesh. Often all wells but one in q gy 
caisson were grouted on a single system, and the last wer 
in which the pump sump had been located, was therety 
made quite dry. Any water remaining was confined » 
a hole covered by sheet iron and removed during , 
creting by a pump outside the working area. The | 
and embedded pipe were then grouted. 

Once grouting of a pipe was begun, it was never halt. 
until completion. After each line, with its vent pipes, 
was blown out with air, a comparatively thick mixty 
of grout was forced through. As the operations pro- 
ceeded, the vent-pipe valves were gradually closed 
When all the valves wefe about 90% closed and the lag 
air and water had escaped, the valves sealed themselves 

When no more grout could be forced through th 
machine, the hose was disconnected and blown out to be 
sure that the stoppage was not due to clogging. Then 
a small-pneumatic grout machine of the paddle-mixe 
type was connected to each vent pipe and an attempt 
was made to force more grout into the system. When 
this had been done, the valves were completely closed 
and the grout allowed to set for an hour or so before the 
valves were removed for cleaning. The texture of t 
grout mixture depended a great deal on the conditions 
encountered. Investigation revealed that very 





grout was “‘lost’’ outside the caisson. This was pr 
marily due to the fact that only enough pressure was Hithe stat 
applied to overcome the hydrostatic head. Mesire Si 


Normally, in trench grouting, a pressure of 10 to 2 fy 
was sufficient at the start. This was increased to 1(0 |! program 
or a maximum of three times the hydrostatic head ~ Memi 
nature of each particular system governed procedure tions of | 

In view of the good results obtained on this project, #2) mem 
the same method was tried with equal success on another Hip 

























navigation dam subsequently constructed on the Alk nd Pub 
gheny River. Rege 
by 
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““@ |)evelopment Board Coordinates Georgia 


= Public Works 


By H. J. FrrepMan, M. Am. Soc. C.E 


HORITY to plan an ordered and comprehen- 


+h, mo development of the State of Georgia and its 
. urces was given to the Agricultural and In 
rs “4 velopment Board of Georgia upon its crea 
The bel e 1943 state legislature. It is the purpose of 
not to duplicate the work of any existing 
er halt g tal agency, but to coordinate and supplement 
nt pip ties of all agencies and institutions engaged in 
mixture 
ONS pro. 
y Closed, 
1 the last 
-mselves, 
ugh the 
out to be 
g. Then 
Lle-mixer 
attempt 
. Wher 
ly Closed 
elore the 
re of . DISPOSAL PLANT ON St. Srmon’s ISLAND, GA., 
yndi CONSTRUCTED WITH LANHAM AcT FUNDS 
ry litth f Projects Scheduled by Georgia Public Works Panel 
Was pr 
sure ¥ sdevelopment. It was realized that the people 
something more than plans. The Board’s basic 
)to2 function is, therefore, to stimulate action on the various 
oO 1 nrograms 
ad. 7 Membership of the Board is representative of all sec 
dure tions of the state and varied lines of endeavor. There are 
project, #2] members. Five are the heads of the State Depart- 
| another #iiments of Agriculture, Conservation, Education, Health, 
the nd Public Service. A sixth is the chairman of the Board 















Regents of the university system or a member desig- 
ted by the chairman. The remaining 15 are appointed 
the Governor from the state at large—leaders in 
wgriculture, business, finance, industry, and labor. 

lhe Board is divided into seven three-man panels, each 
esponsible to the chairman for an individual phase of 
activity These panels are Agriculture, Education, 
xovernment, Health, Industry, Public Works and Trade, 
ommerce and Business. The active administration of 
all operations is the responsibility of an appointed execu- 
ive director. The operation of the Board is best illus- 
rated by reference to functions of one panel—in this 
ase, the Public Works Panel. 

This panel, which began work May 1, 1944, operates 
hrough a director, with consultants and a supporting 
staf. A program covering the following features was 
hdopted 

Build up a technical library to take advantage of 
hl available research and surveys. 
¢. Divide the state, by urban and rural areas, into 
tegral units in which public works programs may be 
ogically developed. 

3. Aid in preparing drafts of legislation covering 
highway rights of way, limited access, control of road- 
ides, planning and zoning, airport development, legaliz- 
ig ol reserves for public works, control of ground waters, 


it 
DV 
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raNT, Pustic Works PANEL, AGRICULTURAL AND INDUSTRIAL DeveLopMENT Boarp or GeoroiA, Brunswick, GA. 


establishment of a state port authority, and other perti 
nent legislation. 

4. Work toward coordinating allocation and expendi 
ture of funds that may be made available by Congress to 
the different federal agencies for postwar planning and 
construction. 

5. Using the arterial highway system as a base, 
sponsor arrangements for a master plan and long-range 
program of public improvements for each of the integral 
urban units. 

6. Prepare master plans and public improvement 
programs for each integral rural unit, using the Public 
Works Panel personnel supplemented by the services of 
the different state and federal agencies available. 

7. Arrange, with the aid of the interested federal and 
local agencies, for a coordinated program of airport con 
struction, including preparation of design standards for 
airports for small communities that can be built cheaply 
and quickly. 

The panel approach to public works planning in the 
State of Georgia is a modification of the unit area analysis 
method originated by the National Resources Planning 
Board. The 159 counties of the state have been divided 
into 55 unit areas consisting of one to four counties each 
There is a considerable saving in time and money through 
following this procedure. Of the 55 areas, 43 are classed 
asrural. In these areas there is no city with a population 
of over 15,000. 

No study is undertaken unless requested by the ap 
propriate governing body, usually the county com 
missioners or the city council. This is in line with the 
general policy of the Board that development programs 
in any field can succeed only with the support of the local 
community. The rural planning program is under way 
in several areas. The field work on the program for the 
first area requesting the service has been completed and 
the report published, covering a six-year program of 
public works. Also, 56 other counties and 60 cities have 
made application, and resolutions are pending in some 66 
counties and 75 municipalities. Financial and school 
studies have been made in approximately 30 of the 
counties that have passed resolutions. 

A definite procedure in planning a public works pro- 
gram in rural areas is followed. A representative of the 
panel is first assigned to the area to study the finances of 
the counties and municipalities. His prepared state 
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SoutH ALTAMAHA RIverR BripGe CARRIES THE COASTAI 
Built with State and Federal Aid 


ment provides the basis for an estimate of funds available 
for the public works program. State, federal, and local 
officials then meet with representatives of the panel to 
determine local needs. All recommendations and data 
are integrated and a program prepared for each of the 
counties and municipalities in’ the area. The resulting 
report is then submitted to the local governmental group. 
The only charge borne by the counties and municipalities 
is the actual cost of publishing the reports. 

It is proposed to provide a continuing service in con- 
nection with these studies. It will be desirable to revise 
the programs yearly in the light of new developments. 
Current information is being furnished the cities and 
counties regarding state and federal funds that may be 
made available for public works. Guidance and aid are 
being given in the processing of applications and plans 
through the appropriate state and federal agencies. 

In each of the 12 urban areas containing counties 
with cities of over 15,000, it is proposed to prepare a 
long-range program of public works. A comprehensive 
study of the arterial highway system is the initial step. 
These surveys are to be financed by the State Highway 
Department and the U.S. Public Roads Administration. 
Che highway study is to be followed by a survey by a 
consultant group to determine a comprehensive long- 
range program of community facilities, including airports, 
water supply, sewage disposal, recreational areas, hous- 
ing, and public buildings. It is expected that these 
studies will be financed through local and state aid, with 
such federal assistance as Congress.may make available 
for postwar public works planning under Title V of the 
War Reconversion Act of October 3, 1944. The studies 
will include definite proposals for financing, including 
rights of way and other land acquisition. 

Considerable progress has been made in carrying out 
these plans through the cooperation and collaboration of 
the State Highway Department with the Public Roads 
Administration. Studies and recommendations cover- 
ing arterial highway facilities in the Savannah and Bruns- 
wick areas have been completed by qualified consultants. 
A similar comprehensive study is being made in the 
metropolitan Atlanta area and the Waycross area. 

Early in the work of the Public Works Panel it became 
apparent that the passage of certain acts by the state 
legislature was essential. In cooperation with the State 
Highway Department and the Public Roads Adminis- 
tration, bills covering different phases of right-of-way ac- 
quisition and control were prepared. During the 1945 
session of the legislature five panel-sponsored bills were 
passed. An act eliminating limitations on the width 
of right of way, permitting such widths as required, was 
one of these. Other acts passed set up a State Port 
Authority, authorized the Brunswick Port Authority, 
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legalized reserves for public works, and authorized 4 
adoption of a plane coordinate system of land descs:, 
tion. It is anticipated that other bills will be passed | 
the 1946 session of the legislature, including contr.) ; 
highway access and roadsides, providing for urban ; a 
ing facilities, planning, and zoning. 7 
The Public Works Panel is also cooperating with », 
Civil Aeronautics Administration and state authorite 
in establishing a program of airport construction 
Legislation for establishing a State Aeronautic Depart, 
ment, based on the Uniform State Aviation Code, 4 
been prepared, as well as an act for the contro] of lang 
uses and clearances in areas adjoining airports, followiy 
the Model Zoning Act of the Civil Aeronautics Adminis 
tration. It is expected that the passage of this legisla. 
tion will also be secured at the 1946 session of the stat. 
legislature to permit taking advantage of any federy 
aid that may be made available for airport constructioy 
A policy of providing a Class 1 airport or air park, 
an estimated average cost of $18,000, in each smaller 
county in the state, hasbeen adopted. 
Comprehensive studies of proposed state port develop. 
ment are nearing completion. A study of the states 
water resources, under the direction of the Board's River 
and Harbors Committee, has been completed. [t ia 
cludes all the major river systems of the state and pp. 
vides a master plan of improvement covering wate 
power, navigation, flood control, water supply, sj 
erosion, and pollution abatement. Legislation is being 
prepared to implement the program through a State 
Water Resources Authority. An action program base 
on the recommendations in this report has been prepared 































BurLDING Burtt AT BRUNSWICK, GA 
FEDERAL FUNDS 


PuBLIc SCHOO! 


Interest in the study is indicated by a recent arrange 
ment requested by the City of Atlanta and Fulton 
County for a supplementary detailed report on water 
supply and navigation in the Chattahoochee River in the 
Atlanta area. The cost of this additional report is be 
ing borne by the city and county as well as by the state 

The state port development study is also being handled 
by the Rivers and Harbors Committee. Georgia has 
two major seaports—Savannah and Brunswick. The 
two ports, while only 80 miles apart, requested 
operative study which the state agreed to undertake, 
using funds contributed by the two communities as we 
as by the state. The studies are comprehensive, 
include an investigation of industrial potentialities, !an 
and water freight rates, trade possibilities with Lat 
America, and design of proposed state dock facilities. 

The State Port Authority Act, passed by the 
legislature, authorizes the issuance of $15,000,000 
revenue bonds for the two ports, and provides for a three 
man authority. The State Port Authority has 
appointed. A report on the proposed development ™ 
be issued soon and provide a program for the Author" 
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Struct; - ais ‘ 
c Det URING the last decade, several dams and fills 
Code, h iled on account of time lag in the consolidation 


underlying strata of soft clay. 


‘ol of ) Owing to the 
follow; « permeability of the clay, very little ot the excess 
: Admi ter was able to drain out of the clay during the con- 


{ the fills. As a consequence, the shearing re- 
ince of the clay remained almost as low as it was at 
utset, and the fill failed by spreading as soon as the 
ring stress in the clay became equal to the shearing 


iS legisla. 
| the State 
ly tederg) 
istructy 1. 


(he increase in the shearing resistance of the clay can 
iccelet ited by the introduction of vertical filter wells, 
serve aS supplementary outlets for the excess 


t develop.fmmeiich 
he state’ ter. In order to accomplish the desired effect at a 
d’s River 1m expense, it is necessary to investigate the effect 


spacing of the wells on the average rate of consoli- 
tion and to choose the spacing such that about 80% 
{the consolidation will occur during the construction of 


ing wate Wing may 
pply, soilammee ill. A very much larger spacing is inadequate and a 
1 is beingamgery much smaller one is uneconomical. The theory of 


ence of the spacing of the wells on fhe rate of 
lidation is highly mathematical and very involved. 
wever, once the fundamental equations have been 
the required information can be obtained with- 
iy computation, by the use of ready-made graphs 

e described. 


la State 
am based 
prepared 


DETERMINING RATE OF CONSOLIDATION 


In Fig. 1 (a) is shown a section through an embank- 
nt resting on the horizontal surface of a stratum of 
ftclay. In order to accelerate the consolidation of the 


sei 
Filter Bed 


Tt 
AIRIEE AU OF Ne, 


lon h~ phen daa 


(a) VERTICAL SECTION 
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Drainage of Clay Strata by Filter Wells 
A Brief Explanation of the Theory Involved and Its Application 
By K. Terzacui, M. Ao. Soc. C.E. 


C LTING ENGINEER AND Lecrurer, Grapuate ScHoot or Encineerinc, Harvarp University, CAMBRIDGE, 


Mass. 


loaded stratum, filter wells have been established which 
permit the escape of part of the excess water in a hori- 
zontal direction into the wells, which in turn deliver it to 
a filter bed located between the clay and the base of the 
fill. The rest of the excess water flows in an upward 
direction from the clay into the filter bed. The layout of 
the system of wells appears in Fig. 1 (0). The vertical 
sections indicated by dashed lines divide the consolidat- 
ing layer of clay into prismatic blocks. Within each 
block drainage proceeds as if the vertical sides of the 
block were lined with an impermeable membrane, be- 
cause the excess water in the clay located on either side 
of the section escapes in opposite directions. The 
problem of computing the rate of drainage can be simphi- 
fied without appreciable error by assuming that each 
block is cylindrical. On this assumption the flow is 
symmetrical about the axis of the block (Fig. 1, c) 

Within the block the flow of water proceeds as if the 
cylindrical surface and the base of the block were covered 
with an impermeable membrane. Let 


H = thickness of the layer of clay 
R = radius of the cylindrical blocks, roughly 
equal to '/,/, the spacing of the wells 

r = radius of the wells 

n = R/r = ratio between the radius of the 
blocks and the wells 

coefficients of permeability of the clay 
stratum in radial and vertical directions 

coefficient of volume decrease of the clay, 
equal to the decrease of the volume of 
the clay per unit of volume due to an 
increase of the load on the clay by unity 

unit weight of the water 

time 


k, and k, 


m= 


> 


and ¢, = —~— = 
_.m 


for radial 


the coefficients of 

iw 
consolidation 
directions 

average degree of consolidation of the 
clay stratum at time ¢, equal to 100 
times the ratio between the quantity 
of water which flowed out of the clay 
before time ¢ and the total quantity of 
water which leaves the clay under the 
influence of the weight of the embank 
ment 

average degree of consolidation at time /, 
if the water could escape only through 
the walls of the wells 

average degree of consolidation at time /, 
if the water could escape only through 
the upper surface of the clay 


and vertical 


U, = 


The values of the soil constants k,, k,, and m can be 
determined approximately by means of soil tests on 
undisturbed samples in the laboratory. The mathemati- 


cal relation between the degrees of consolidation U,, 
U,, and U was derived in 1940 by N. Carrillo (‘Simple 
Theory of 


Two and Three Dimensional Cases in the 
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Consolidation of Soils,’’ Journal of Mathematics and 
Physics, 1942). Itis given by the equation, 


(100% — U,)...(1) 


— U,) (100% 
100 a) 


100% —- U= 

The differential equation for computing the value U, 
was published by the writer in 1924. The solution can be 
represented by a function, 


U, =filT,) .. (2) 


wherein 7, is a pure number, called the time factor, 
equal to (c,/H*)t. At any given time ¢, the degree of 
consolidation U’, merely depends on the time factor 7,, 
regardless of the thickness of the stratum and the 
mechanical properties of the clay. By plotting the values 
U’, against the values 7,, the curve C, in Fig. 2 is ob- 
tained. 

The differential equation for computing the value U, 
was derived and solved in 1934 by L. Rendulic (‘‘Der 
hydrodynamische Spannungsausgleich in zentral ent- 
wisserten Tonzylindern,’’ Wasserwirtsch. und Technik, 
1935) in connection with an experimental investigation 
which was carried out inthe writer’s soils laboratory in 
Vienna. The solution can be represented by a function, 


= f.(T,) . (3) 


wherein 7’, is a pure number, called the time factor for 
radial drainage, equal to (c,/4R*)t. Atany given time ¢, 
the degree of consolidation UL’, depends solely on the 
value of the time factor L’, and on the value of the ratio 
n = R/r. In Fig. 2 the plain curves Cy and Cio repre- 
sent the relation between U, and 7, form = 10 and 100. 
These curves supersede those on page 292 of the writer’s 
Theoretical Soil Mechanics, (Wiley, 1943). Credit is 
given to the U.S. Engineer Office, Providence, R.I., for 
calling attention to the error in computing these curves. 

Quite recently R. A. Barron solved the problem of 
drainage towards wells in clay for boundary conditions 
other than those which were considered by his predeces- 
The Influence of Drain Wells on the Consolidation 
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of Fine-Grained Soils,"’ report prepared by the Soils 
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Time Factor, T, (7; for Vertical Drainage, Curve C-, 
and T, for Radia! Drainage, Curves Ci. and ¢ ) 

Fic. 2. RELATION OF DeGREE OF CONSOLIDATION, COEFFICIENT 
OF CONSOLIDATION, AND Time FactorR-—-FOR BOTH VERTICAL AND 
RADIAL DRAINAGI 
Laboratory of the U.S. Engineer Office, Providence, R.I., 
July 1944). He represented his findings in a set of graphs 
which permit utilization of the results without any 

further computation 
\ PRACTICAL EXAMPLE 


Che following numerical example illustrates the use of 
graphs in connection with drainage-well problems. The 
depth // of the clay stratum in Fig. 1 (@) is assumed to be 
20 ft. The coefficient of permeability ot the clay is the 
same in every direction, k, = k,; whence c, = ¢, = c. 
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The wells have a diameter of 1 ft and they are spaceg 
ft in both directions. Replacing the vertical prisms, 
blocks which surround the wells by cylindrica} jc, 
with equal horizontal cross- sectional area, wi tain 
the diameter of these blocks approximately 2R ~ 
The problem is to determine the average degree of , 
solidation of the clay stratum at the time when | th 
average degree without wells would be U, = 20%, 
From curve C, (Fig. 2) we obtain for U, = 20% th 


value 7 = 7, = 0.032. Introducing this value ine 
Eq. 2, we get 
29779 
T, = 0.032 = 7 t, whence ¢t = en { 
The time factor 7, for radial flow at time / (Eq. 2 
rn ££ 9.082H? _ 0.032 X 20? 
°“4R? 48 ¢ £44xp "12 


Since R/r = 10, the degree of consolidation L’, at tin 
t is equal to the ordinate of that point on curve (, 
Fig. 2, whose abscissa*is equal to 0.128, or U, = 49% 
Introducing the values U, = 20% and U, = 1907 intd 
Eq. 


100% — U = x 80 X 51 = 41, or U = 59° 


00 
Hence the presence of the wells increases the degree 
which the clay stratum consolidates within time / 
20% to 59%. 

In order to compute the time /, it would be necessay 
to determine by means of laboratory tests the v: es} 
and m, which appear in the equation for the coefficient 
consolidation c. Since c = k/y,m, we obtain from Ey. 
the following value of ¢, 


= 0.032H? 1" 
k 
TEST RESULTS 

In order to verify the theory wasch is represented 
the curves Cy and Coo in Fig. 2, the following test w 
made in the writer’s laboratory 1 in 1934 by L. Rendu 
(see previous reference). A cylindrical specimen of plas 
clay with an external diameter of 2R = 5cm, and a heigl 
of 8 cm, was introduced into a watertight containe 
The cylindrical surface of the specimen was covered wit 
a watertight membrane. The central part of the spe 
men was occupied by a cylindrical body made out of 
sand-mica mixture whose compressibility was abou 
equal to that of the clay. This body represented 
cylindrical drainage well with a diameter of 27 = 0.5«1 
After the specimen was installed in the chamber, 0 
chamber was filled with liquid which was under consta 
pressure. 

Since the two ends of the test specimen were i cv 
tact with metal disks, the consolidation of the spe 
men occurred only by drainage in horizontal, rac 
directions towards the central well. The water whi 
came out of the well was collected and weighed and 
discharge was plotted against time. This experiment 4 
repeated at five different pressures. Thus five differe! 
time-discharge curves were obtained. Then the valug 
of k and m for the clay were determined by indepe! 
tests and the time-discharge curves were computed 
a result of these tests, it was found that the agree! 
between the theoretical and the experimental curves 
even more satisfactory than the agreement between Ux 
retical and experimental curves for drainage 10 4 vertic 
direction. 
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Performance of TVA Structures Studied 


Gates, Spillways, Stilling Basins, and Sluices 


NSTRUCTION activities of 
lennessee Valley Author- 
centered 


have 


rye 


I? 
| 
it 


despite attempts to dup- 
n wherever possible, un- 
nditions 
was therefore expected 
tain irregularities in per- 
of the hydraulic appurte- 


have 


By G. H. Hickox, M. Am. Soc. C.E 


Senior Hyprautic ENGIneer, TVA, Norris, TENN. 


ECORDS accumulated during the 

years of operating the IT VA's hy- 
draulic structures have shown that in 
general these structures are satisfactory. 
However a number of hydraulic phe- 
nomena have been observed for which 
there 1s at present no ready explanation. 
Mr. Hickox hopes that attention drawn 
to these phenomena may bring to light 
similar observations by other observers, 


chiefly 
In practically 


been pre- 


number of the upper leaves a suffi 
cient amount. All the upper leaves 
are removed before any of the lower 
leaves are opened. These gates have 
rubber seals and are almost com 
pletely watertight. When they are 
opened and closed, the discharge 
begins and ends abruptly, with a 
very definite cutoff. 

The operation of these double-leaf 


ight result. Considerable 
rVA engineers has shown 
tically all the structures 
ved entirely satisfactory. 
rds have accumulated for 
es of hydraulic elements 


as well as explanations of the phenom- 
ena in question. 
sented before the Annual Meeting of the 
Hydraulics Division of the Society. 


H 


some revealing unusual 


In particular, attention is directed to the spill- 
tes, Sluices, and stilling basins operating with both 


ind sluice discharge. 


CREST GATES OF THREE TYPES 


ree types of crest gates are used by the Authority 


ts dalns. 


ffer no 


~ 


water admitted from the reservoir. 


Norris. Dam, designed by the Bureau of 
lamation, is equipped with drum gates on the crest. 
rates are operated by floating them in a chamber 


In their 


sition they have the same shape as the crest 


obstruction to the flow. 


When 


raised, 


r, water falls from the downstream edge of the 


the face of the spillway. 


For small discharges, 


the gate raised several feet, the nappe vibrates. 


the discharge over the raised drum 


hief effect of this vibration is the formation of waves 


face of the spillway, giving it a sort of washboard 
nee. The vibration of the nappe does not appear 
dependent on the admission or exclusion of air from 
pace beneath the nappe, since it occurs when the 


is fully aerated. 
gate itself. It 
lischarges. 


does not continue 


reases, air 1s drawn beneath the 
finally escapes through the sheet 
n the faceof thedam. The mix- 
ind water results in a thicken- 
the sheet on the face of the dam, 
s easily visible as a ridge or roll near 
lhe air escapes by passing up- 
ugh the sheet of water from the 
dam to the surface. The roll 
of Norris Dam, and the turbu- 
by the escaping air at its 
lary, are shown in an accom- 
otograph. High-speed motion 
this phenomenon show that the 
the surface in white puffs not 

n bolls. 
Ky, Pickwick Landing, Gunters- 
hickamauga dams the crest 
the vertical-lift type with two 
ting in the same vertical plane. 
charges are passed by raising a 


It may be caused by vibration 


gates introduced the problem of aera 
tion of the spillway nappe. When 
the upper gate is raised, discharge 
occurs over the lower leaf, removing 
the air from the space beneath the 
nappe and creating a vacuum. In order not to overload 
the lower leaf by excessive reduction of pressure, it was 
necessary to admit air to the space beneath thenappe. At 
Pickwick Landing Dam this was accomplished by means 
of two 16-in. pipes embedded in the piers and terminat 
ing in the piér faces just below the upper edge of the lower 
gate leaf. Measurements of the air actually required 
by these gates were made at the dam to verify the results 
of model tests. At one time during the tests the pres 
sure beneath the nappe was reduced 9.7 ft below atmos 
pheric. This was the limit allowed by the gate designers 
as the maximum safe load. With this reduction of pres 
sure, the nappe was depressed considerably, although 
there was a head of almost 20 ft of water over the lower 
leaf. A complete description of the determination of air 
requirements for this type of gate and the measurements 
at Pickwick Landing Dam was published in an article 
by the writer, “Aeration of Spillways’’(in TRANSACTIONS, 
Am. Soc. C.E., 1944, Vol. 109, pp. 537-566). 

The third type of gate, which has been used on Watts 
Barr, Fort Loudoun, Cherokee, Douglas, Hiwassee, 
Apalachia, and Ocoee No. 3 dams is the conventional 


is paper was pre- 
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conditions were favorable. This jg 4, 
case at Watts Bar Dam, illustratey , 
Fig. 1. The apron is short, h rizontal 
and at the elevation of the river bed: 
it has a sill at the end with a sloping 
upstream face that serves to 1 duce th 
necessary amount of paving. The may; 
mum spillway discharge at this dam 
since its completion has been 92,000 
ft persec. Agreement with the result, 
of model tests was excellent. 

In general, the satisfactory | /Peratiog 
of the hydraulic jump in dissipating 
energy requires that the discharge oj 
the apron be distributed uniformly oye 
its length. In the case of dams with 
many spillway gates, such distributigg 
of discharge is not always practic) 
In many cases it is desirable to open , 
few gates fully before opening the rp. 
mainder. When this happens the taj. 
water depth for a given discharge pe 
gate increases as later gates are opened 

Arr Drawn BeNEATH THE Nappe aT Norris Dam Escapes THROUGH THE Since the hydraulic jump is effective 

SHEET OF WATER ON THE SPILLWAY over a relatively small range of tai 
water depth, other methods of diss 

radial gate. These gates are also provided with rubber pating energy must be devised. 
seals and very little leakage has been experienced. Their Pickwick Landing is an example of a dam of this typ 
operation is not unusual and requires no comment. There are 22 spillway gates, 8 of which have been desig. 

Stilling basins for dissipating the energy of spillway nated as control gates. The upper leaves of these gates 
and sluice discharge at the Authority's dams were de- spaced at regular intervals across the spillway, are raised 
veloped and thoroughly tested in the hydraulic labora- gradually until they are completely removed before th 
tory. In general, different types of aprons were required remaining gates are opened. The tailwater depth beloy 
for spillway and sluice discharge, and where both kinds _ these gates for the initial opening of any one gate varies 
of discharge occurred on the same apron, the design finally from that for zero discharge to that for the discharg 




































adopted was usually a compromise between conflicting with 21 gates open, a range of approximately 200,000 ca be 
requirements. Aprons for dissipating the energy of spill- ft per sec in discharge, and about 30 ft in tailwater depth ag 
way discharge may be divided generally into two types— for normal river conditions. Operation of Kentucky rath 
those on which a hydraulic jump can be produced and Dam downstream increases this range still further. a 
those on which it cannot. Because of the extreme range of tailwater, the hydrauiei. 
Norris Dam is an example of a high-head dam where jump was not feasible except for a very limited rang "§ 
the hydraulic jump is utilized for dissipating the energy operating conditions. The apron finally selected if, 
of spillway discharge. The Norris stilling basin is a Pickwick Landing Dam was a short horizontal one with 


horizontal apron a few feet below the river bed and a simple sill at the end, having a sloping upstream fac 
joined to the face of the spillway by a gentle slope. A This sill, which is 5 ft high, directs the high-velocity wate 
steep sill provides the transition from the paved apron upward toward the surface, removing it from the bott 
to the natural river bed. A profile of Norris Dam spill- and.protecting the bed from harmful scour. A profile (j- 


way and apron is shown in Fig. 1. The apron was de- this dam (Fig. 1) shows the tailwater range expected 
signed for a maximum flood discharge of 240,000 cu ft Discharges of 300,000 cu ft per sec have passed Pickwik 
per sec. To date the maximum spillway discharge ex- Landing Dam since its construction. Careful sounding EWE 
perienced has been 30,000 cu ft per sec. The perform- below the apron fail to disclose any evidence oi er 
ance of the apron was entirely satisfactory. or undermining. The apron is completely satisiacton 

The hydraulic jump has also been used on some of the from the standpoint of erosion but causes suriace wave 
low-head dams of the Authority where the tailwater that persist for some distance below the dam and inte 
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FiG PROFILES OF Norris, Watts Bar, AND Pickwick LANDING Dams ILLUSTRATE VARIOUS TREATMENTS OF STI! 
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+ elective Note SuRFACE ROUGHNESS ON APRON 
© OF tai 
, of diss) | . ; e . > “a : P 
= ewhat with navigation. For this reason, it 
essary to provide structures to reduce the wave 
this type , : . ‘ ; ‘< 
vo the navigation channel approaching the lock 
een desig 


s r lownstream. 











oe om spillways for Nottely and Chatuge dams are quite 
? , ae from those of any of the other main-river or 
oth belog mmmeributar dams. The dams are earth _and rock-fill 
see ructures and have separate spillways. The spillways 

Qo }. “Illere placed in saddles in the reservoir rims and discharge 
on nnn jown the hillsides into the river below the dams. They 
ter decthiamere Suilar in size, having crests 300 ft long, and operate 
~sloe r maximum heads of 11 to 13 ft. The plan of the 
eg " way crest is an are of a circle. Curved training walls, 
‘ve all perpendi ular to the spillway crest line, concentrate the 
ey scharge into a long, relatively narrow chute. 

ected lof 

© Wil 

Ca 

uty - . 7 Apron Necessary for Sluice and Spillway Discharges 

7 r Apron Necessary for Spillway Discharges 

ons 

Pi 

CHEROKEE DAM 
=o wal ’ FOR CHEROKEE DAM SHOWING MODIFICATION FOR 


SLuICE DISCHARGE 


dams this chute terminates on the hillside 
er bed. The high velocity of the flow down 
s depended upon to carry the discharge past 
the bank and into the river bed. These spill- 
lesigned for a maximum discharge of approxi- 
),000 cu ft per sec. Although the maximum 
xperienced at Nottely Dam has been only 
per sec, and that at Chatuge Dam 3,000 cu ft 
flow in the transition from spillway crest to 
the discharge onto the river bed, have been 
: n accordance with expectations. 
STI ‘tost ol the tributary dams are provided with sluices 
e ievations so that water may be released to provide 
AM torag floods. Discharge occurs through the sluice 
ity and at a relatively high rate of discharge 
width. Aprons designed for satisfactory 





Civit ENGINEERING for October 1945 


‘graph them have not been successful. 
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SpPILLWAY AT Nortrecy Passinc 2,400 Cu Fr per Sec 
Capacity Is 48,000 Cu Fr per Sec 


operation with spillway discharge usually do not have a 
sufficiently deep tailwater to care for the concentrated 
energy of the sluice discharge. Modifications are fre- 
quently necessary for satisfactory performance. 

At Norris and Hiwassee dams the aprons were long 
enough so that the sluice discharge could be taken care 
of without changing the apron. It is necessary, however, 
that sluices opened for discharge be arranged symmetri- 
cally on the apron whenever possible. If this precaution 
is not observed, large eddies form, partly on the apron 
and partly on the river bed below. The velocity in these 
eddies is high and may result in undesirable erosion of 
the river bed. 

At Cherokee Dam it was necessary to modify the apron 
materially to care for the energy of the sluice discharge. 
A simple, level apron with a plain sill at the end was 
entirely satisfactory for spillway discharge. In order to 
dissipate the energy of sluice discharge, however, it was 
necessary to introduce the flow at a low elevation by 
depressing the bucket, to provide a series of steps ascend- 
ing to the main apron elevation, to enlarge the end sill, 
and to extend the apron paving, adding another sill at 
the end of the extension. It was also necessary to modify 
the sluices, expanding the outlets laterally so that the 
discharge could be spread over the apron as much as pos 
sible. The modifications made are shown in Fig. 2. 
Performance of this stilling basin when the opened sluices 
were located symmetrically was very satisfactory. 

A curious phenomenon has been noticed during the 
operation of the sluices at Hiwassee, Cherokee, and 
Douglas dams. These sluices discharge beneath the water 
surface at very high velocity. During their operation 
there is visible in the water on the apron a series of light- 
ning-like flashes which appear to originate in the bound- 
ary between the rapidly moving jet and the quieter water 
on the apron, and occur irregularly but frequently at 
average intervals of 2 or 3 sec. These flashes are bril- 
liant enough to be seen in sunlight, but attempts to photo- 
They may be 
electrical in nature, but their cause is unknown. They 
are mentioned in the hope that similar occurrences may 
have been noticed by other observers who may have an 
explanation for them. 

Chatuge Dam on the Hiwassee River, upstream from 
Hiwassee Dam, is operated solely as a storage dam since 
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Sitt Sitvuice at Ocorre No DAM DISCHARGING 
there is power house there. Water is released to 
Hiwassee Dam through a low-level outlet which operates 
frequently and for long periods. Control of the discharge 
is effected by means of a Howell-Bunger valve, which dis- 
charges water in a diverging conical jet. Without con- 
trol this jet would spread widely and cause undesirable 
erosion below the outlet structures. To avoid such ero- 
sion, the outlet valve was surrounded by a concrete struc- 
ture so designed that the diverging elements of the jet 
were turned back upon themselves and most of the energy 
destroyed. Operation of the structure shows that its 
performance is satisfactory and that no erosion of any 
consequence has occurred. 

Nottely Dam is provided with the same type of low- 
level outlet as Chatuge Dam. The dam was completed 
and filled before the Howell-Bunger valve was received, 
ind it became necessary to release water without the 
valve [he discharge was reduced to a safe value by 
building a temporary bulkhead across the upper portion 
of the tunnel outlet, holding it in place by means of the 
bolts provided for mounting the Howell-Bunger valve. 
The emergency gate at the entrance to the tunnel was 
used as a control valve, being operated only in the closed 
or fully open position. In addition to providing this 
bulkhead, it was necessary to restrict the spreading of the 
jet by means of temporary timber bulkheads in the con- 
trol structure. The jet issuing from the tunnel was 
thrown into the air to a height of 50 to 60 ft and struck 
the river bed about 175 ft downstream. It fell in the 
original river bed without damage to the banks. This 
operation was not intended to be permanent but served 
very well asa temporary expedient. 

Ocoee No. 3 Dam was built in a region where there is an 
extreme amount of surface erosion, and it is expected 
that considerable silt will be deposited in the reservoir. 
Water for the turbines is supplied through a tunnel 
13,000 ft long, which leaves the reservoir immediately 
above the dam. In order to prevent the accumulation 
of silt deposits at the entrance to this tunnel, two sluices 
have been built through the dam just in front of, and be 
low, the tunnel entrance. Discharge from the sluices 
is carried into the river below the dam at a high velocity, 
through a channel which is built on a curve. Because of 
the curvature and the high velocity of flow, it was neces- 
sary to superelevate the floor of the channel in order to 
keep the flow from being concentrated along the outside 
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dams have introduced a number of p,, 
lems peculiar to the sluices the mse} 
Chief among these is the problem 


cavitation damage and its prevent, 
Examination of the Norris sluices a/;,, 

the first year’s operation showed th» 
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The damaged areas were repaired } were bl 
grinding them smooth and by fifi, with th 
identations in by welding where ;, MS” P 
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In addition, the probability of futyy. mm ificult 
damage by cavitation was lessened } ree 
constricting the outlets of three of th, Nevertl 
most frequently used sluices. The py; 
Fr per Sec pose of the constriction was to increas evelop 
the pressure in the barrel of the sluice} Nab 
raising the hydraulic grade line. A “Symposium es 
Cavitation” by the writer was published in the Septem. Mg?" ’S' 
ber 1944 issue of PROCEEDINGS. Wher 
Damage to the sluices of Madden Dam on the Chagres say 
River in the Isthmus of Panama has occurred becaus Sy 
improperly shaped entrances, which caused cavitation c 
Reports of this damage led to an investigation of the ~ 
shape of the entrances for the sluices of Hiwassee Dam = 
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Cavitation in these sluices was prevented by constricting 
the outlet, thus raising the hydraulic grade line and # 
creasing the pressure, and by providing a bell-mouth , 


entrance so that the rate of curvature did not reduc 


local pressures to the cavitation point. Subsequett 
measurements on the prototype have shown that | 
measures adopted were successful. No pressures bel 
atmospheric have been found, and it is believed that there 
is no damage to this structure by cavitation. 

Similar protective measures were adopted lor 
sluices of Cherokee and Douglas dams. These slucs 
were constricted at the outlet as well as flared to spread 
the discharge. Measurements of pressures in the Cheroke 
sluices have shown that they do not drop below atm 
pheric at any point, and it is believed that these slucs 
are also safe against cavitation. 
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. Design of Bridges Against Wind 

ributar I. General Considerations—Aerostatic Stability 

Dr 

nselves By D. B. SternMan, M. Am. Soc. C.E. 

blem Consuttinc Encineer, New York, N.Y. 
Ven tor 
a alter N December 29, 1879, a M ODERN experiences with bridges Bridge failure, their report blamed 
Pt Bese. table bridge disaster oc- subject to extreme wind forces have _ the designing engineer for inadequate 
wewy curred—thirteen 245-ft truss revived the interest of engineers in this allowanceforwindloads. The repu- 
. €P holes enans of the Tay Bridge in Scotland subject. One who has devoted much time tation of the builder was shattered, 
we cere blown down during the night, and study not only to the theories in- and his engagement to design the 
= A with the destruction of a train and volved but also to the resulting treatment great Forth Bridge was canceled. 
here si. Mag its 90 passengers. That catastrophe of the structures is Dr. Stemman. He Theshock was too great for him, and 
.s been almost forgotten; it is has prepared a series of articles, non- he died a few years later. 
3? bra “ficult to find any reference to it mathematical in character. In this, the The disaster brought in its wake 
; tuture recent engineering literature. first, he mentions important failures due extensive studies of wind pressure on 
— Nevertheless, the Tay Bridge disas- to wind and gives his views as to the exposed surfaces, and also hastened 
ni the ter marked a turning point in the great, but frequently overlooked, dangers the substitution of steel for wrought 
| a evelopment of bridge engineering. from uplift. Engineers, he_ believes, iron as a bridge material. The new 
. wakened engineers to the neces- should cooperate in study and research engineers of the Forth Bridge, Fowler 
— considering wind pressure in om this critical problem, thus drawing and Baker, conducted extensive ex- 
— bidge design. the profit of improved knowledge from periments to measure the intensity 
= When opened in 1877, the Firth adversity. This article was originally of wind pressure at various veloci- 
. Char lay Bridge was considered one presented before a meeting of the Metro- ties, and on the basis of their obser- 
Pa ‘the wonders of the age. It con- polttan Section of the Society. vations of pressure recorded on a 
vitati : sisted of eighty-four truss spans, of é, _vertical plate 10 ft square, they de- 
n of the Ma Tousht iron, with piers of large cast-iron cylinders cided to design their monumental cantilever bridge for 
as Den erected on a base of brick and stonework. The design- a wind pressure of 50 lb per sq ft, despite the tubular 
















ing and construction engineer was Sir Thomas Bouch, 
aneminent bridge builder. On the strength of his repu- 
tation in building this bridge, he was engaged at the time 
in drawing up designs for a proposed suspension bridge 
over the Firth of Forth. 

On the night of December 29, 1879, a passenger train 
composed of six coaches, a locomotive, and a brakeman’s 
van crashed through the Tay Bridge, a flaming rocket, 
into the turbulent waters 8S ft below. The wind had 
reached a velocity of 72 to 80 miles an hour and appar- 
ntly had blown down thirteen of the truss spans. Not 
a single person survived, and no one knows exactly what 
lappened. 

[he design Bouch had prepared for the Forth Bridge 
Was a most interesting suspension type, with two spans 
600 ft and a beautiful system of cable stays radiating 
iyward from the ends of the spans to the panel points of 
the When the British investigated the Tay 


cables, 


TBRATIONS 
Sec 


stricting 
e and m 
}]-mouth 


sections of the members. In addition, conspicuous sta- 
bility against overturning was provided by the strongly 
battered towers and trusses, providing a broad base for a 
bridge otherwise narrow for its height. The cantilever 
type as glorified in this structure held supremacy for the 
ensuing forty years, and the development of the suspen- 
sion type was held back for the same period. 


LESSONS LEARNED FROM TAY DISASTER 


The present established practice of figuring wind pres- 
sure in all bridge design, and of using steel instead of the 
weaker wrought iron, may both be credited as lasting 
beneficial consequences of the Tay Bridge catastrophe. 
The excess steel in the great Forth Bridge gives it a vast 
reserve of strength, contributing to its longevity. This 


gigantic structure may be regarded as a monument to 
the lessons learned from the failure of the smaller bridge 
Completed in 1889, with two 


over the Firth of Tay. 
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IDGE IN SCOTLAND, H1GH PART OF WHICH (13 SPANS NEAR FAR END) WaAs Lost IN DISASTER OF DECEMBER 29, 1879 
From The Forth Bridge, by Philip Phillips, Edinburgh, 1890 
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A Malin Tower SEcTION oF Fortu BripGk UNDER CONSTRUCTION 
From The Forth Bridge, by Philip Phillips 


main spans of 1,700 ft each, the Forth Bridge held the 
world’s record for span length for a generation. 

While the Tay Bridge disaster is a forgotten chapter 
in bridge engineering history, its lesson is preserved in 
the wind-pressure clause in bridge specifications. 
neers learned an elementary lesson, disposed of it by 
freezing it into standard specifications, and then gave it 
little further thought for sixty years until awakened by 
the impact of two new catastrophes. 
Tacoma Narrows Bridge in November 1940 dramatically 
exemplified the aerodynamic effect of wind, while the 
Chester, Ill., Bridge failure (July 29, 1944) exemplified 
the aerostatic effect. The two are related; 
disasters have their lessons for the profession. 

Since the Tay Bridge disaster in 1879, bridge engineers 
had been conscious of the importance of designing bridges 
to withstand static wind pressure. But 
their attention was directed only to the 
horizontal pressure of the wind. The 
vertical component was completely 
overlooked orignored. Old handbooks, 
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did not think that this fact had any bearing on their Work 
Bridge specifications and textbooks made no mention ¢j 
wird uplift. Aeronautic engineers, of course, knew the 
significance of the vertical component, or lift, and utilized 
the fact that, even at small angles of attack, this lift cay 
amount to many times more than the horizontal oop, 
ponent, or drag. But the bridge engineer continued », 
work in a separate insulated compartment of technicy 
knowledge. 

The Tacoma failure forcibly directed the attention y 
bridge engineers to the significance of the vertical com, 
ponent of wind pressure. Tests made over four years 
ago on models of the Tacoma section showed that thy 
lift force, under some conditions, amounts to three o 
four times the horizontal force. I called attention ¢ 
that significant fact in a published discussion in 194) 

To explain the failure of the Chester Bridge it is no 
necessary to assume a tornado, or a wind velocity of 16] 
or 185 miles per hour. Those calculations ignore th 
effect of wind uplift. With the overturning moment dy 
to wind uplift included, a much lower wind velocity js 
found sufficient to explatn the failure. : 

A wind strong enough to uproot trees is not necessarily 
a cyclone or a tornado. Such winds have occurred re. 
peatedly in almost every part of our country, On the 
exposed areas of bridges, including built-up sections and 
structural shapes, the potential wind pressure at 100 miles 
per hr is 50 Ib per sq ft—rather than 30. Using the lower 
value instead of the higher corresponds to designing fo; 
an 80-mile wind instead of a 100-mile wind. That criti. 














like Trautwine, briefly recorded the 
fact that wind had been knowntoliftthe 6 
roofs of buildings, but bridge engineers 
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cal wind pressure may be effective over a considerable ene 
length is indicated by the Tay Bridge failure, where de —~ 
structive action affected a length of one-half mile, ache vr 
For the design of the Birchenough arch bridge in Rho. eae 
Aael : rast , per line 
desia (1,080-ft span, completed in 1935), wind-tunnd tal win 
tests were made on a large-scale model (1:32) cf 2! 
panels of the arch truss, composed of sheet metal repro- 
ducing the actual sections of the members, with gussets, 
latticing, etc. These tests yielded coefficients giving for 
a normal horizontal wind of 100 miles per hr a norm 
pressure of 68 Ib per sq ft of projected area. For a |()- 
mile horizontal wind at 30 deg from normal, the corre 
sponding normal pressure increased to 82 Ib per sq ft 
with an accompanying longitudinal component of 2! b 
per sq ft. On the suspended deck, a normal horizontal 
pressure of only 37 lb per sq ft was indicated for a |()) 1250 Ut 
mile wind. Apparently no measurements of the vertical a? 3 
lift were taken. 
In the design of truss members and bracing, the insu! 
ficiency of the assumed wind pressure is not so serious, a 
Engi- these members are normally designed with the conven 
tional factor of safety to take care of abnormal cond 
tions. But in figuring stability against sliding or over ' 
turning, the necessary provision of a factor of safety « 

The failure of the too easily overlooked. It is not sufficient to show that4 
structure is stable against sliding or overturning at the 
conventionally specified wind pressure. The small a¢ 
ditional investment to provide positive anchorage agaus Hy py | 

and both overturning or sliding by any potential wind is mor VERTICA 
than justified economically. BRIDGE, 
The Chester Bridge was narrow for its height, having 
only a 28.5-ft spacing for trusses 60 to 100 ft high. Ths 
For ¢ 
ments, 
quired. 
simple | 
the coe 
series 0! 
Engineering,’ London, Feb. 13, 1880 typical 
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condition naturally accentuated the problem of suf- 
fciency of anchorage against overturning. 

Assuming a wind velocity of only 100 miles per hour, 
consider the three principal forces acting on the section 
per linear foot: the dead weight, 4,600 Ib; the horizon- 
tal wind pressure, 1,000 Ib acting at an average height of 
30 ft; and the unknown 
vertical liftforce. Itis true 
that the horizontal force 
alone is insufficient to ex- 
plain overturning; it would 
have to be 2.2 times as great, 
which would require a 48% 
increase in wind velocity. 
But the addition of wind 
uplift changes the picture, 
both for overturning and for 
sliding. 

Even a horizontal wind 
may produce vertical lift. 
A small inclination of the 
wind from the horizontal 
will materially augment the 
effect, producing a substan- 
tial lift force, at the same 
time augmenting the hori- 
zontal force. There is no 
guarantee that the wind will 
always be exactly normal 
and horizontal; and no 
bridge design is complete if 
it ignores the possibility of 
wind uplift. 
ran accurate calculation of the overturning mo- 
, the aerodynamic constants of the section are re- 
quired. These can be easily and quickly obtained in a 
simple wind-tunnel test on a section model, to determine 
tie coeflicients of drag, lift, and torque. A systematic 
‘eres ol static wind-tunnel graphs covering the range of 
typical bridge sections is urgently needed by the profes- 
‘ion. lrom such series, the aerodynamic characteristics 
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FirTH OF FortTH BRIDGE Just BEFroreE ITs DeDICATION 
From The Forth Bridge, by Philip Phillips 


of any section could be reliably estimated without re- 
quiring wind-tunnel tests on each new design. For the 
past several years, I have been pleading for such syste- 
matic information. 

My own graphs and formulas, based on the limited 
experimental data I have been able to obtain, indicate 
that the coefficient of lift (C,) on bridge sections may 
amount to as much as 1.0 to 1.5. Note that these values 
assume only a small angle of attack, less than 5 or 10 
deg from the horizontal. These values represent an 
upward pressure of 25 to 38 Ib per sq ft of width. For 
the Chester Bridge, this would mean an uplift of 760 to 
1,140 Ib per lin ft of span. This is equivalent to neutral- 
izing '/, to '/, of the dead weight of the bridge in resisting 
overturning. At the same time the horizontal force 
(Cp) may be increased as much as 25% by the assumed 
angle of attack. Under these conditions, a 36% coef- 
ficient of friction would be required to prevent sliding off 
the pins. 

Moreover, the center of pressure of the vertical uplift 
may have a greater lever arm than the center of gravity 
of the section. This is true for all aerodynamically 
stable.sections. Under some conditions, the center of 
lift may be near the windward quarter-point of the sec- 
tion (Fig. 1). This would yield an overturning moment, 
per linear foot, of possibly 24,000 ft-lb from uplift, added 
to 37,500 ft-lb from the augmented horizontal compo- 
nent, or a total of 61,500 ft-lb, against a resisting moment 
of 66,000 ft-lb from the dead weight. The resulting 
factor of safety against overturning is only 1.07. 

Unless effective positive anchorage is provided, over- 
turning would result in a 104-mile wind. This is too 
close to the 100-mile wind at which a bridge is assumed 
to be safe. Furthermore, if the coefficient of sliding 
friction on the pins is taken as 20%, failvre by sliding off 
the pins would result in a 75-mile wind. A design figured 
without considering uplift is thus revealed as potentially 
unsafe when uplift is included. I use the qualifying 
adjective “‘potentially” because static wind-tunnel tests 
on a section model would supply the requisite aerody- 
namic constants. Without this information, the de- 
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signer has to assume the most unfavorable data within 
the potential range. 

For a specific application, such as the Chester Bridge, 
the aerodynamic forces and moments may be larger or 
smaller than I have assumed. I have indicated the 
simple tests that would supply the information. Obser- 
vations on existing bridges are also needed to determine 
the potential range of angles of attack of the wind (above 
or below the horizontal) to be considered in design. Tests 
are also needed to determine the length over which criti- 
cal wind pressure may act. 

The new knowledge may not necessitate any modi- 
fication of our present specifications and design proce- 
dure for the calculation of wind stresses in truss members 
and bracing. But it will supply needed data for the 
scientific design of anchorage details to prevent sliding, 
uplift, and overturning. Until these gaps in aerody- 
namic knowledge as applied to bridges are filled, it is 
incumbent upon the designer to recognize the potential- 
ities and to play safe. The cost of ample anchorage is 
relatively trifling. 

Some engineers are impatient with scientific analysis 
and research and are in a hurry to see the final answer 
recorded and frozen into a routinized specification that 
can be mechanically applied. That sort of thing dis- 
courages creative originality, continuing research, and 
true progress, and encourages unthinking application 
and professional sterility. The engineer who regards 
all new knowledge as esoteric, something for so-called 
“experts” to hand him on a silver platter, will make no 
real contributions to the progress of the profession. The 
bridge engineer of today can no longer regard aerody- 
namics as a foreign field; he needs a better understand- 
ing and working knowledge than merely to have some- 
one tell him whether to use 30 or 50 Ib per sq ft. 

The practice of attempting to cover all design require- 
ments in cut-and-dried specifications, and of using such 
specifications as a sufficient criterion of good design, may 
be satisfactory for routine, repetitious designs of ordinary 
character—simple types, short spans, and normal pro- 
portions. But when an engineer undertakes projects of 
specialized types, beyond the beaten track, a higher obli- 
gation is imposed upon him. We must not make a fetish 
of specifications. They must be supplemented by an 
inquiring mind and by good judgment. 

Engineering failures are the price we pay for progress. 
‘‘The only man who never stumbles is the man who stands 
still.’ But when a failure occurs, let us make sure that 
we learn all we can from the experience, to make it a real 
stepping stone to enriched understanding. The mere 
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BRIDGE OVER THE MISSISSIPPI RIVER 


formulation of a new routine clause to be added to the 
routine specifications i is not the answer—if it is accepted 
as a substitute for deeper knowledge and higher respons. 
bility. 

The aerostatic problem, as exemplified by the Chester 
Bridge failure, is comparatively simple and elementary, 
The aerodynamic problem, as exemplified by the Tacony 
Bridge fai ure and by the oscillations of other suspension 
bridges, is one of much greater difficulty and complexity, 
(It will be discussed in subsequent articles of this series 
It virtually requires the creation of a new science com- 
bining the essentials of three different fields of specialized 
knowledge—the deflection theory of suspension bridges 


WRECKAGE OF THE CHESTER BRIDGE, FROM ILLINOIS SID! 
the science of aerodynamics, and vibration analyss 
Even existing knowledge in aerodynamics has prov 
inadequate, necessitating new research and ans ilysis. 

An engineering failure is an indictment, not of af 
dividual but of the entire profession. If we profit {rom 
the experience through the stimulation of new creative 
thinking and constructive research, and through the 
broadening and enriching of our professional equipmet’ 
these failures will not have been in vain. 
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HERE are eight principal islands comprising the 
Hawaiian chain—Hawati, Maui, Oahu, Kauai, 
\lolokai, Lanai, Niihau, and Kahoolawe. Their 
combined area is 6,454 sq miles. The capital city of 
Honolulu is located on the third largest island, Oahu. 
According to the earliest records, the first migration of 
Polynesians to the islands occurred about the sixth 
century, A.D. After the thirteenth century, voyages 
sed and all communication with the islands was lost. 
778 they were rediscovered by Captain John Cook 
their beauty and importance made universally 
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ed to the 
, known 
; accepted - sel ” = a 
ae ae Until 1874, the islands were ruled by Kings Kame- 
_ meha I, II, III, IV, V, and their descendants. King 


Kalaukaua, followed by his sister Queen Liliuokalani, 


e Chest r oa . . 
= from 1874 until 1893, when the monarchy was 


ruled 





> Tac, overthrown and a republic established. In 1898, the 
uspension islands were annexed to the U nited States, and in 1900 
mplexity they were organized as a territory—their present form of 
in orien government. Their location in the Pacific makes them 
mee com: exceptionally important, from both military and com- 
necialized mercial standpoints, a fact which was well emphasized 

by the Japanese in their action of December 7, 1941, al- 


l brid TES - , . ° 
ough their dreams of conquest were exceptionally 
plumistic. 

‘It was not until 1878 that the importance of improving 
the sanitary conditions of the islands, particularly in the 
city of Honolulu, was realized, as evidenced by the issuing 
of sanitary instructions to the people in both English and 
Hawatian. The instructions contained definite regula- 
tions for the construction and maintenance of pit-type 
privies, which were the only means provided for the dis- 
posal of fecal matter. The necessity for a water-carriage 
sewerage system was realized as early as 1880, and many 
recommendations were made periodically to the legisla- 
tive assemblies for such a system. However, it was not 
until the cholera epidemic of 1885 that definite action 
was taken toward the construction of a suitable sewerage 
rhe work was initiated in 1889 and was com- 
pleted in 1911, with 5S miles of sewer and 2,600 service 
connections. By 1911, however, parts of the system 
were already overloaded, and the construction of inter- 
cepting sewers was initiated. Several of the Army posts 
within the city of Honolulu are at the present time served 
by this sewerage system. 


system 


EXPANSION FOLLOWING JAPANESE ATTACK 


Before December 7, 1941, Army sewerage systems on 
established posts in the Hawaiian Islands were generally 
adequate, although some minor expansions were under- 
Sewerage systems for several new posts were de- 
signed and completed earlier in 1941, but it was not until 
directly after the Japanese attack that the Army sewerage 
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lysis business in Hawaii really began to boom. Established 
of an in posts were expanded beyond previous conceptions, which 
pfit from required major rehabilitation of many of the sewerage 
creative systems. New camps, ranging from 100 to 15,000 men, 
agh | were designed and constructed almost overnight. 

1ipment the variety of sewerage problems was almost infinite, 


nd the 


terrain of the islands is not particularly suited 
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Army Sewerage in Hawaii 
Improvisation Has Paid Dividends in Maintaining Health 


By Bevven S. Tucker 
Curer, SANITATION Unit, Construction Service, Centrrat Paciric Base ComManp, U.S. Aruy 


to simple solutions. Areas favorable for development 
near the ocean are generally level and near sea level, 
requiring frequent pumping and construction in ground 
water, as well as provisions for protection of the beaches 
from contamination. Inland areas, on the other hand, 
confront the designer with rugged terrain, steep gradi- 
ents, deep canyons and gullies, and few streams suitable 
for use as receiving bodies for sewage. In addition the 
subsurface structure is extremely variable, the islands 
being of volcanic origin. Bearing conditions and con- 
struction difficulties change greatly with different locali- 
ties and even within the area occupied by the smallest 
installation. Cesspool construction is obviously an art, 
and much has been learned from the local old timers who 
have had considerable and valuable experience in this 
still thriving business. A number of the islands’ cities 
and villages are still without sewerage systems. 


TREATMENT PROCESSES 


Army camps constructed after December 7, 1941, were 
of two general types—semi-permanent, or those provided 
with the usual water carriage facilities; and temporary, 
or those utilizing pit or vault-type latrines and separate 
shower and washing facilities. In the latter type of 
camp, the liquid waste has a somewhat higher bio- 
chemical oxygen demand (B.O.D.) than the sewage 
from the semi-permanent type of camp, but does not 
require the same degree of treatment to stabilize it, or to 
make it suitable for discharge into a receiving body. The 
maximum degree of treatment installed for camps of the 
temporary type is primary settling and chlorination. 

Whether this or a lesser degree of treatment is re- 
quired, is of course dependent entirely on the use and 
capacity of the receiving body. Treatment of the sew 
age from camps of the semi-permanent type is accom- 
plished by the usual procedures to the degree necessarv 
for proper stabilization. In many instances it has been 


possible to discharge sewage from these camps directly 
In camps of both 


into the ocean without treatment. 





HiIGH-RATE TRICKLING FILTER INSTALLED AT A HAwau Post 


Chlorination Contact Tank and Sludge Beds in Background 
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types, grease traps are provided for all mess halls. Many 
different designs are used, depending on the materials 
available at the time of construction. 

Pit latrines constructed for camps of the temporary 
type are of considerably greater capacity than those 
generally advocated. One cubic foot per capita per 
month is used as the design basis for volume. The pits 
ire made large enough for nine months’ continuous use. 
The average pit is 15 ft deep and extends for the full 
length and breadth of the latrine superstructure. Fly 
breeding and odors are controlled by spraying the con- 
tents with oil or with compounds developed for such pur- 
poses by the Army Medical Corps. The design figures 
used have proved satisfactory, as shown by time-usage 
checks on typical latrines. 

Where the ground-water table is close to the surface, 
or where rock excavation is encountered, pit latrines be- 
come impractical and the vault type is used. This type 
is similar to the pit type, except that the pit is con- 
structed of watertight concrete. At each toilet seat 
agitators are provided, consisting of a rod which extends 
for the full depth of the pit. Flat plates are welded to 
the rod in the lower section so that the sludge is stirred 
when the agitator handle is moved up and down. The 
contents of these pits are pumped out with diaphragm 
sludge pumps when the maximum sludge level is reached. 
Sludge is then disposed of by burial in approved localities 
Ihe vault is primed with water and pine oil disinfectant 
when initially placed in use. Fly breeding is controlled 
when required by suitable chemicals. 


“VICTORY '-TYPE LATRINES 


Latrines suitable for water-carried sewage are pro- 
vided for semipermanent and permanent camps. These 
latrines are of two types, those having the usual ceramic 
sanitary fixtures and a modified or so-called “victory 
type’’ utilizing a concrete toilet pit, which is flushed out 
with stored shower and wash-basin waste water. Lava- 
tories for the ‘‘victory-type” latrines consist of wash 
troughs or basins lined with galvanized iron. The con- 
crete toilet pit replaces the ceramic type of water closet. 
Urinals are in the form of troughs with perforated pipe 
for clearing with water. The urinals are equipped with 
treadles or flush tanks to effect a further saving in water. 
Nearly a hundred of these “victory-type’’ latrines have 
been built and have effected large savings in critical ma- 
terials and water usage. 

Enlargement of sewerage systems at established posts 
has been accomplished in the usual manner by construct- 
ing intercepting sewers and by increasing the capacities 
of pumping stations and sewage treatment plants. At 
one post the tremendous overload on the sewage treat- 
ment plant was relieved by intercepting the sewage from 
a large tributary area and providing a new treatment 
plant in a suitable location, but in a different drainage 
area. In another instance, the 600 trickling-filter noz- 
zles of a treatment plant required immediate replace- 
ment, and an additional 200 nozzles were needed for new 
filters, but commercially manufactured brass nozzles of 
standard design could not be obtained. Of necessity, 
improvised nozzles made from pipe caps, and a small 
amount of wire and babbit metal, were designed and fab- 
ricated locally and installed. They provide much better 
spray distribution and freedom from clogging than the 
original standard nozzles. 

Small, semipermanent camps are provided with septic 
tanks and cesspools or drilled wells for treatment and dis- 
posal where possible. Similar camps in areas where dis- 
posal by such means is impractical are provided with 
complete treatment consisting of a septic tank, filter, 
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ConTACT FILTER OF SPECIAL DesIGN 
Note Rock Submergence Level 


and chlorinator. The effluent is discharged into a nearby I 
gulch orstream. The method of treating waste from camp Corps, 
of the temporary type has already been mentioned, _ 


— 


|____—_— 
FORTY TREATMENT PLANTS 
Since 1941, forty treatment plants have been . 
structed, ranging in capacity from 300 to 20,000 meq 
and over 100 sewerage systems for smaller populations 
The major plants employ various combinations of the 
following treatment units: Imhoff tanks, plain seqj 
—= 


mentation tanks, septic tanks, low-rate and high-rate 
trickling filters, lath filters, intermittent sand filters 
contact filters of special design, final sedimentation tanks 
chlorination contact tanks, sludge digesters, and sludg 
beds. One plant has been constructed for the treatment 
of laundry waste; this plant utilizes a modificatior 
the activated sludge principle to obtain the required 
degree of waste stabilization. 

There is little novel or new in the basic design of thee 
units except for the contact and high-rate trickling 


filters. An accompanying photograph shows a typical ing mo 
high-rate trickling filter. This type is designed to effect axes, tl 
a saving im critical materials, to utilize materials locally A very 

metric 


available, and to meet high priority construction de 


mands which could not be met within the constructionfi M.Am 
time deadlines if commercially manufactured equipment a 
obtained from the mainland were used. These filters are which s 
designed for a B.O.D. loading of 2.0 Ib per cu yd of rock tor the 
and a surface loading of 9 mgd. The center beanng For: 
detail of the distributor is greatly simplified by feeding bendin 
the filter from above rather than from below, which s 
the usual practice. These filters have more than met 
expectations both in cost and in results. The average 
B.O.D. reduction provided is 60%. 

The contact filters used were designed and constructed whis 


ter 


for the same reasons as the high-rate trickling liters ahanee 
The former are much less difficult to construct than (ki 
latter because of the simplified forming and _ becaus 
the distribytor unit is not required. The contact tll 
is composed of two beds of rock and a discharge si 
for each. Each bed is used every other day to pr 
necessary resting periods. The filters are designed I! 
two hours’ contact at average flow and are surprising! 
free from odor and fly nuisance. The B.O.D. reducti 
provided by this type of filter averages 40°). Unyé stress 
few contact filters have been constructed and these !" 
populations of 1,000 or less. However, they have p! 
indispensable in meeting high priority emergencies 

filter of this type is shown in an accompanying pio 

graph. Table I gives average B.O.D. reductions ¢ 





















. ral of the representative plants for which chemi- 
“+ oealvses Of sewage are available. 
sumé of Army sewerage in Hawaii is necessarily 







very general. Data of particular interest, such as rela- 
“ve Jocations of treatment plants, distribution among 
be various islands, and population loadings, cannot be 
~jeased at this time. Such data will, however, be avail- 
ble at a later date and may provide valuable additions 

sewerage knowledge and experience, and have a 


| effect on the general development of sewerage 





" Sewerage problems have been many, the greatest being 
urement of construction materials and equip- 
Improvisation has been at a premium and has 
said high dividends in maintaining the health of the men 
cho are winning the war for us. Even at this late date, 
ymps and special equipment are urgently required from 
e mainland to replace such equipment salvaged from 
amps and junk yards and hammered into usable shape 
it immediate utilization of important facilities. 
operation afforded by the U.S. Army Medical 
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TaBLe I. AveraGe OveraAtt B.O.D. RepucTiON ror TYPICAL 
ARMY TREATMENT PLANTS IN HAWAII 
NUMBER 
PLANT Ave. B.O.D or PLANTS 
DESCRIPTION REDUCTION In AVG Cyver or Camp 
ST, CF, CL 64% 4 Semi-permanent 
IT, LRF, CL 91% 3 Semi-permanent 
ST, LRF, CL 86% l Semi-permanent 
ST, HRF, CL 75% 2 Semi-permanent 
SDT, CL 76% ' Temporary 
ST, ISF, CL 96% l Semi-permanent 
Legend: 
CF = contact filter IT = Imhoff tank 
CL = chlorination LRF = low-rate trickling filter 
HRF = high-rate trickling filter SDT = sedimentation tank 
ISF = intermittent sand filter ST = septic tank 


tion, the City and County of Honolulu Department of 
Public Works, local dealers, and many of the island 
plantations, has made it possible to meet construction 
deadlines and to maintain the present high standard of 
Army, Navy, and civilian health in the islands. The de- 
sign and construction discussed herein is a function of 
the Construction Service, Central Pacific Base Com- 
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F R a long time engineering textbooks have included .... M . 

1 of these naterial on the use of an S-polygon for handling his can be reduced to fo = + CB Both S, and Sp 
trickling ses of unsymmetrical bending. If the plane of bend- can be determined graphically. They are to same scale 
a typical g moment does not coincide with one of the principal as e¢ and f, etc., and the construction is obvious from 
to « xes, then the usual formula, f = Mc/I, does not apply. Fig. 1. 
Is | i very complete treatment of the subject of unsym- The equation of the line joining e and f is x/f + y/e = 
tn etrical bending was given by Prof. L. J. Johnson, 1, and the equation of the line on which S, is found is 
struction Am Soc. C. E. (TRANSACTIONS, Am. Soc. C.E., Vol. 56, y = x tan @. These equations can be solved for x. 
ju ul In the following article, a brief method iS given Then the distance S, equals the value of x previously 
hiters are h substitutes equations based on analytical geometry 
d k the graphical solution developed by others. 

earng For any point u, the stress produced by unsymmetrical 

teeding nding 1 
whi 


My sin 6 Mx cos @ 
; 4 } 


I, I 


¥ 





\/ is the bending moment in the plane of bending 
he stress at point B is 







-M_ 
11, : 
Tye sin @ + Ix, cos 0 








be shortened to fg = Similarly the 
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CONSTRUCTION USED TO SOLVE FOR STRESS PRODUCED 
BY UNSYMMETRICAL BENDING 
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found, multiplied by sec 6. The expression for S, re- 
duces to the following equation: 
S. = efsecO efcsca 
‘ B — — 
ftan@é+e feota+e 
To solve for Sp, use the same values for a and @. 


The g is substituted for e, and / is used in place of f. 
The expression for Sp then takes the following form: 
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aot _ _ghsecO _ ghesca 
°" htan@+g hotat+g 


If the cross section of the beam has reentrant op 
as in the case of most rolled steel sections, the S-poly, 
is drawn for the corners that lie on the polygon that es 
velopes the cross section without forming any reentrans 
corners. In other words, only the outside corners ; 
to be investigated unless it is a beam of two materials 










Wheel-Load Distribution to Timber Stringers 


By E. G. PAuLet, Assoc. M. Am. Soc. C.E. 
Heap Bripce Desicner, Louisiana DePpaRTMENT oF Hicuways, Baton Rovce, La. 


T has been recognized for some time that the prevailing 
specifications regarding wheel-load distribution to 
timber stringers are very inadequate, especially as re- 
gards horizontal shearing stress in the stringers. As the 
demand for timber trestles and bridges designed for 
heavy truck loadings has become more pressing, it has 
become more and more difficult to meet the requirements 
of existing specifications (American Association of State 
Highway Officials, 1941 edition), since the stringers 
usually obtainable are in small sizes, that is, not over 6 
by 16 in. 

It appears that the A.A.S.H.O. specifications for com- 
puting horizontal shear in rectangular timber beams 
were obtained by following certain assumptions. It was 
assumed that the wheel load would be distributed to 
stringers in direct proportion to the distance from the 
center of the flooring span. This reasoning is fallacious. 
Actually the distribution varies, not lineally, but in- 
versely as the square root of the product of the distances 
from each support to the point of application of the load. 
This statement is valid only when the deflection of the 
stringers is due only to flexure. 

The problem of load distribution to flexible and closely 
spaced timber stringers may be likened to the problem of 
the bending of a bar infinitely long, resting on an elastic 
foundation, for which solutions for various types of 
loadings are already available. For the case of timber 
floors resting on timber stringers, and supporting wheel 
loads, the floor is regarded as the flexible bar, the stringers 
as the elastic foundation, and the wheel loads as concen- 
trated loads. 

* The solution for this case, when the deflection of the 
stringers due to flexure only is considered, yields the 
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Fic. 1. GRAPHICAL SOLUTION FOR FACTOR Oz, USED IN DETER- 


MINING DISTRIBUTION OF LOADS TO STRINGERS 


following equation: 


where 
osx = e-**(cos Bx + sin Bx) 
e = 2.71828 
1¢/ 3ETL 
P= VSB Sn(1 — 0) 
Ls pA on*(1 — n) 
Q = wheel load distributed to stringer under coy 
sideration 
P = largest wheel load 
S = spacing of stringers 
L = span of stringers 
E,, I, = modulus of elasticity and moment of inertia o/ 
stringers 
E,, I, = modulus of elasticity and moment of inertiy 
of flooring 
n = ratio of distance that load is from support 
to span of stringers 
x = distance from load to stringer 


All units are in pounds and feet. 
The function $s, may be obtained readily from Fig 
From Eq. 1, it is readily seen that when x = 0, ¢; 
1.0, and the value of Q varies along the beam according t 


] : : 
——~+5, aS previously mentioned. 
|n(1 — m)|'?? ’ 


EXAMPLE TO ILLUSTRATE METHOD 


The following example will show the simple application 
of Eq. 1. A timber trestle of span L = 19 ft 0 in. has 
6 by 16-in. stringers on 2-ft 0-in. centers, and a 4 by 12-11 
plank floor. Find the wheel-load distribution to th 
stringers, (1) at the center of the span, and (2) at 4 
distance from the support equal to three times the depth 
of the stringer, or at the quarter point, whichever ts th 
shorter distance. The roadway width is 21 ft 0 in., and 
accommodates two lanes of H-10 trucks, each occupying 
a 10-ft 0-in. lane. 

1. For a load at the center of the span, computatio! 
gives 8 = 0.425. 

For the stringer under the load, x = 0: 2x 





() and 





\ ore 


os, = 1.0. Therefore Q,-, = 0.425P. 
Table I gives the stringer reactions when the trucks ar desi: 
passing each other. portant 
The total wheel-load distribution to the stringer under several 
consideration is tydrau 
e _ = ---p per un 
Q = (0.425 + 0.068 — 0.009 — 0.0085) P = 0.4755! Fits « 
If Q,-, and Q,., are considered negligible, then Q equals To il 
IS to ¢ 


0.493P, which is sufficient. By the A.A.S.H.O. Spec! 
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floors and spacing of stringers, have been conducted. 


The studies showed that: 


|. For one, two, or more lanes of traffic, and for the 
ordinary lengths of timber trestle spans, the distribution 
of a load is so slightly improved when a second wheel 
comes on the stringer that it is satisfactory to consider 
only the largest wheel on that stringer. 

2. For two or more traffic lanes, the wheel-load dis- 
tribution of a dual-tire wheel applied as two half-wheel 
load concentrations is approximately the same as that of 
a dual-tire wheel applied as one wheel-load concentration. 

3. For one traffic lane, the consideration of a dual-tire 
wheel, applied as two concentrated loads, yields a better 
load distribution (about 8%) than would be obtained if 
one concentration were used. 





TABLE II]. WueeL-Loap DISTRIBUTION COEFFICIENTS FOR Two 
oR More TraFric LANES—-H 15 LOADING 
in A [imBER HIGHWAY BripGeE UNDER CONSTRUCTION COEFFICIENTS 
<a . . - : For Moment For Shear 
ns. 1941 edition, we obtain for wheel-load distribu- 
. . " STPINGER STRINGER A.A.S A.A.S 
the stringer, for two or more traffic lanes, l'vre oF SpanL, Stzeor Spactinc Eq.l H.O. Eql HO 
FLOOR In Fr Strincer S, in Ft 1941 1941 
2S 20 Planking +X 16 1.58 0.44 042 0.48 0.71 
= P. = — P = 0.533P 4X 12-In 13 4X14 1.00 0.29 0.27 0.32 0.64 
x 3.75 3.75 7 3X 12 0.667 0.17 0.18 0.20 0.59 
6x 16 1.58 0.40 0.42 0.44 0.7 
» ee: 19 4x 16 1.00 0.29 0.27 0.28 0.64 
3 X 15.51n. > 
‘ -—F - ix 14 0.667 0.17 0.18 0.20 0.5 
or the load : = 3.8 » sup- 
For the load at 12 in 3.87 it from the sup ase oe’ “a ae |? game am’. ecu ee 
der , . a 5 25 6 xX 16 1.00 0.29 0.27 0.28 0.64 
computation gives 6 = 0.526. 4x 16 0.667 0.17 O.18 0.19 0.59 
STRINGER REACTIONS witH Loap at CENTER OF Span ‘4minated 13 ts Tee Mes: ex tee ee 
Loap VALUE OF VALUE oF VALUE OF STRINGER tx 10 0.667 0.17 0.17 0.18 0.59 
ees Br op REACTION 8 xX 16 2.00 0.49 0.50 0.56 0.75 
* 19 4x14 1.00 0.23 0.25 0.27 0.63 
ert; 0.0 1.0 Ox=_5 = 0.425P +x 14 0. 667 0.16 0.17 0.18 0.59 
1.70 0.16 Oxz=, = 0.068P sx 18 2.00 0.46 0.50 0.53 0.75 
2.55 0.021 Oxs=, = 0.009P 25 ix 16 1.00 0.23 0.25 0.27 0.63 
ine 4.25 0.02 Ox= 9 = 0.0085P 4x 16 0.667 0.16 0.17 0.18 0.59 
] ; 4 ¥ M4 a atec } x 3 0.76 71 7 ‘ 
saa le II gives the stringer reactions for passing trucks, '"77“'““ - 48 A) - SD a. 
el ting values of V0 for x = 6.0 ft. The total wheel- 4x 10 0.667 0.16 0.16 0.15 0.58 
. , . . x 18 3 0.6 71 ».7 } 
listribution to the stringer under consideration is 19 3 7 2 00 0 46 0 47 0 16 0 74 
4 14 0. 667 0.15 0.16 0.16 0.58 
¢ (0.526 + 0.023)P = 0.549P 10 x 18 3.00 0.66 O.71 0.69 O.8 
2 sx 18 2.00 0.44 0.47 0.46 0.74 
‘ ‘of . . . 16 0.667 0.1 0.16 0.16 5 
Fig ng A.A.S.H.O. specifications, the wheel-load distribu- a at ts ; is 
¢ tion to the stringer for two or more traffic lanes is found 7, . 
‘ man I te te 2007 . lable ILI affords a comparison of the wheel-load dis 
ding 0.767P, which is 39° more than the value found , ys : — 
tribution coefficients obtained by Eq. 1 and by the 
A.A.S.H.O. specifications, and is excerpted from one of the 
SrRINGER REACTIONS, wiTH Loap 3.87 Fr From studies conducted for and by the Subcommittee on 
SUPPORT Bridges and Structures of the American Association of 
p Loat VALUE OF VALUE OF Vatue or Sterncer State Highway Officials. This subcommittee was com- 
cat “er 8: (as tee fomcee: posed of the following bridge engineers: N. B. Garver, 
:; > = = aa M. Am. Soc. C.E., chairman (Arkansas); J. P. Exum, 
. i chy ; Assoc. M. Am. Soc. C.E. (Texas); N. E. Lant, M. Am. 
. tensive studies of various spans designed for various Soc. C.E. (Louisiana); and Homer X. White (Okla- 
‘ loads, for one, two or more traffic lanes, and various homa). 
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“oe Design of Sewers or Drains tor Greatest Economy 
— + 
at By W. E. How anb, Assoc. M. Am. Soc. C.E. 
Proressor OF SANITARY ENGINEERING, PurpUE UNIversity, LAFAyetre, INob. 
} 
[\ rder to present the following rule for the economic capacity diagram which happens to be at hand, it ap- 
S of sewers, it is necessary to define acertainim- pears that a 27-in. sewer would need a slope of 0.00142 to 
ratio (here called r) which appears in this as in carry this flow, while a 30-in. sewer would need a slope of 
Inder several other similar rules for the economic design of only 0.00082 to carry the same flow. Now if the differ- 
yarauhe structures. It is the ratio of the change in cost ence in cost per foot of these two sewers is 65 cents, then 
P er unit length of the sewer to the corresponding change the value of r for this portion of the chart equals 65 < 
its slope for a given capacity. (0.00142 — 0.00082) = 110,000 cents per ft. That is to 
nals ] . 3 . . ' e “ye +s . 
jua istrate, let it be supposed that a particular sewer say, the change in cost per foot of sewer, divided by the 
pect st rry 10 cu ft per sec. According to a sewer- corresponding change in slope for this fixed flow of 10 cu 
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ft per sec, gives this amount. Thus it would be easy to 
compute the value of r for any portion of a standard 


sewer design chart, providing the difference in cost per ~ 


foot of adjacent sewers of different sizes were known and 
recorded on the chart. (It would be convenient to con- 
struct on the chart the lines of equal value of r to avoid 
the individual calculations just illustrated, but such 
lines would be limited in application to a particular set of 
cost data.) 

Using this definition of r, the rule for economic combi- 
nation of sizes and slopes of the sewers which come to- 
gether at a given point becomes the following: 


Half the cost per foot of depth of all sewer sections immedi- 
ately adjacent to this point, plus r for the downstream adja- 
cent section, shall equal the sum of the r’s for the upstream 
adjacent section. 


It is assumed that the sewers all have substantially 
the same invert elevation at this junction. If any join 
at a much higher elevation, they are disregarded in the 
application of the rule to the others. 

By half the cost per foot of depth of a given sewer sec- 
tion, is meant simply one half the product of the width 
of the sewer trench, the length of the sewer section (that 
is, distance to the next change in size or grade), and the 
cost per cubic foot of excavation. Allowance for the cost 
of sheeting per foot of depth can easily be made if desired. 

The rule of economy just stated would of course have 
to be abandoned in certain instances where limitations of 
depth or velocity, or other special requirements peculiar 
to the design, might have to take precedence over econ- 
omy. This rule may be used for testing the economy of 
design of any single group of sewer sections joining at a 
point or it may be used to select a balanced design for the 
next downstream section below the junction in making 
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the original sewer design. It is possible to devise oth 
rules for the economic design, or for testing the econo 
of design, of large portions of the sewer system by cop, 
bining equations that result from the application of - 
simple rule to a large number of adjacent sewer june 
tions. : 

In order to illustrate the use of the rule, it will be applied 
to a very simple situation—the design of a single sectio, 
of sewer which starts from a point of fixed elevation and 
extends a fixed length to the vertical wall forming th 
bank of astream. The problem is to choose the slope b 
corresponding size of the sewer so as to involve the leay 
cost of pipe and excavation. Since there is no sey 
downstream from the outlet, the rule becomes simply 
Half the cost per foot of depth of excavation of the sewer 
should equal r for that sewer. 

Suppose that the sewer is to carry 10 cu ft per sec ang 
is 500 ft long, and that the trench is 5 ft wide, also tha 
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In Favor of the Metric System 


Dear Sir: In a letter published in the July issue, Leonard C. 
Jordan offers objection to a change to the metric system of measure- 
ment. However, he does not advance a single logical argument 
against the suggested change 

In his first paragraph, Mr. Jordan makes the amazing deduction 
that advocates of the metric system recommend that its use be 
made compulsory. To my knowledge, no specific plan has been 
outlined for achieving universal adoption of the system. A start- 
ing point might be an agreement among engineering societies to use 
it exclusively in publications under their jurisdiction. Govern- 
ment agencies might be induced to do likewise. Its general adop- 
tion by industry would be more difficult. At any rate, compulsion 
does not appear to me to even enter into the question. 

Mr. Jordan follows the above deduction with the statement that 
the established system (English system) is ‘‘now preferred by those 
who use dimensions and do the mathematical work connected with 
them.”’ I wonder where Mr. Jordan has been living during the 
past ten years. During that period, at least, I have heard count- 
less engineers and other professionals lament the clumsiness of the 
English system, and Mr. Jordan is the first one I have run across 
who prefers it. ! don’t doubt that there are others who prefer the 
retention of the English system, but if they are in a majority or 
even a sizable minority, they have remained strangely inarticulate. 

In his second paragraph, Mr. Jordan indicates that he does have 
an inkling of the principal incentive for universal adoption of the 
metric system—the advantages, from the standpoint of inter- 














excavation costs 3 cents per cu ft. According to the Tule aR S 
the value of r should then be close to . Ra 
| 
(500 X 5 X 3) + 2 = 3,750 cents per ft ~ 
When the flow is 10 cu ft per sec, I find from cost data on fi. om 
my own design chart that r between 21 in. and 18 in, si... a 
44 + (0.013 — 0.0057) = 6,000 cents per ft; between [MME [can m 
in. and 15 in. it is 37 + (0.036 — 0.013) = 1,600 cents invite att 
per ft; consequently I would use the 18-in. sewer, ax MMi great blo 
having a value of r somewhere between these values, |; Mg =2Y P2" 
comes as close as possible to the desired value of 3,750, Egyptian 
The complete derivation of the rule here stated, as well ne 
as several elaborations and extensions of it, are contained ape “ 
in a monograph by the writer on file in the Engineering HM, =< 
Societies Library, 29 West 39th Street, New York 18 MBB cre. wou 
A mimeographed copy will be supplied by the writer on HH membere: 
request. fan “ol 
ene ee Roe } ; rl 
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DEAR 
national trade, of a common system of measurement. He states ing “lett 
however, that “‘the United States and Great Britain have done publishe 
more with feet and inches than the rest of the world has done with having t 
meters,”’ and for some mysterious reason proposes this debatable ystem 
claim as evidence that the rest of the world could change to th Person 
English system more easily than we could change to the metric Britain ¢ 
system. His boast about the progress of the United States and United S 
Great Britain is patriotic, but does he expect us to believe that that ne Ex 
progress is attributable to the use of feet and inches? The metre Jordan’s 
system is already in considerable use in both the United States and In fect 
England, and is more familiar to us than is the English system to States h: 
most others. That the metric system is simpler is too evident for world ha 
discussion. feet and 

True, the English system could be converted into a decimal sys directior 
tem to a greater extent than the present tenth-of-a-foot usage ™ garding 
surveying, but would such an abortion be more practical than the as comp: 
adoption of a ready-made system already in use in most parts of the creation 
civilized world? Mr. Jordan seems concerned chiefly with linear endeavo 
dimensions. Does he contemplate setting up weight, area, and tem of | 
volume systems, including tenths of pounds, tenths of gallons how mu 


tenths of cubic feet, and others? done if 1 


He informs us that the metric system is ‘‘no cure for all ills” an I beli 
“no guarantee against mistakes.” I have never read any claims, ancient 
by proponents of the system, that it is, and I cannot conceive of assured] 
any system that would offer such a Utopia. Mr. Jordan sugges or Great 
that the metric system involves increased opportunity for errors 9 arrived 
locating decimal points. Perhaps he considers fractions not sus notatior 
ceptible to error. The fact that the metric system eliminates th Archims 












N o. 10 
Vise oth ‘ fractions is a leading advantage of the system, and good 
> econom cers do not get gray determining the location of their decimal 
n by com. S 


tn | t paragraph Mr. Jordan states that the period ahead 
» he too “trying and uncertain” to permit the disturbance of 
cent standards. The future is always uncertain and is always 
featists, and a meritorious change should not have to 
‘he pleasure of “‘those who do the work that would be most 
ysly disrupted by the change.” As has already been pointed 


100 Of the 


‘wer June. 
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ation, and i. be many, the retooling necessary in the reconversion of war 
rming the ‘at ivilian production offers an unusual opportunity for 
slope and ooge-over to the metric system with minimum cost and confu- 
oa , Maurice N. Amster, Assoc. M. Am. Soc. C.E. 
, Sewer , Tenn. 
S simply 
the sewer . ° > 
Cutting and Moving Great Blocks of 
er S nd 2 . © . 
oo Stone an Ancient Art 
c 4) Nat 
) the rule Near Sir: In the September issue of Crvr. ENGINEERING, Pro- 
, Rathbun gave an interesting description of Syrian ruins, 
\n Unsolved Problem.” He has been unable to deter- 
it how the large blocks of stone, shown in his illustrations, were 


The same unsolvable problem exists in other ruins 
r parts of the world, particularly in the remains of Inca con- 
n in Peru—near Cuzco. 

[can make no suggestion that will help in the solution, except to 
invite attention to the fact that the art of cutting and moving 
great blocks of stone was known thousands of years ago and in 
many parts of the world. The quarrying and transporting of the 
Egyptian obelisks must have presented great difficulties. 

[ venture to invite attention to another unsolved problem, which 
is why do engineers have difficulty with poetical meter? You will 
fnd false quantities in almost every engineering poetical effusion, 
but certainly the classics should be familiar. Lord Byron, I am 
sure, would be despondent to know that his name is no longer re- 
membered and that his writings are relegated to the classification 
old school-day poem.”’ 


HENRY WELLES DurRHAM, M. Am. Soc. C.E. 


it data on 
| 18 in, is 
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sor Rathbun’s. | 


The shortcomings mentioned are ours, not Pro- 





Inconsistencies of Present System of 
Weights and Measures 


Dear Str: As a general rule, the writer is not addicted to writ- 
He states ing ‘letters to the editor.’”” However, in the July issue, there is 
lave done published a letter by Leonard C. Jordan, on the inadvisability of 
done with having the United States and Great Britain change to the metric 
debatable system. That letter got my fingers itching. 
ge to the Personally I do not care whether the United States and Great 
he metric Britain adopt the metric system or not. Having studied in the 
tates and United States, I am quite familiar with the anachronistic beauties 
that that e English system, and have no ax to grind in this regard. Mr. 
he metre Jordan's letter, however, does not appear to be a model of logic. 
nates ant i fact Mr. Jordan says that “since Great Britain and the United 
system to States have done more with feet and inches than the rest of the 
rident for world has done with meters, the rest of the world could change to 
eet and inches more easily than we could change in the opposite 
imal sys direction I take no exception to Mr. Jordan’s statement re- 
omy ss garding the relative output of the United States and Great Britain 
an th 


as compared with that of the rest of the world from the time of its 
reation. He is undoubtedly correct, no matter what the field of 
But this in spite of, rather than because of, their sys- 
I hope I am entitled to wonder 


rts of the 
ith linear 
rea, and 

gallons 


ry 


endeavor 


tm of weights and measures. 


how much more the United States and Great Britain could have 

A tone f not saddled with their unwieldy system. 
ills - | believe Mr. Jordan will concede that we are indebted to the 
y claims, ancient Greeks for much of our mathematical learning. (Most 
ceive of assuredly this is the case only because there was no United States 
suggests or Great Britain in those days; but no matter.) Their results were 


errors 
not sus- 
ates the 


arrived at by the use of cumbersome old methods of mathematical 
notation. It does not follow, however, that simply because 
Archimedes and Euclid did more than all the bookkeepers of Great 
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Britain and the United States put together, the latter should aban- 
don Arabic numerals, the concept of zero, and the principle of 
positional notation to go back to the system of Archimedes and start 
drawing diagrams in the sand. Instead of suggesting such a 
change we may well wonder how much greater the output of the 
Greeks would have been had they not been handicapped by their 
cumbersome methods. 

In his comments on the variability of the vara and the awkward- 
ness of the hundred-meter tape in laying out railroad curves, Mr. 
Jordan is, in the main, correct. But he leaves himself wide open 
for a host of tu quoque arguments. How about gallons, American 
and Imperial? Bushels, American and British? Ounces, fluid, 
apothecaries’, and troy? The miner’s inch of California and of 
Southern California, Idaho, and Colorado, not to mention other 
varieties? Pounds, troy and avoirdupois? Tons, short and long? 
Hundred-weights of 112 lb and stones of 14? But let it go at that. 

Mr. Jordan exaggerates the danger of making errors in locating 
the decimal point in the metric system. Would he, for fear of 
making similar errors, advocate abandoning the American mone- 
tary units of dollars and cents to go back to pounds, shillings, and 
pence which are the blood brothers of feet and inches? Would he 
prefer to say that the average weight of a corn-fed crew from the 
Middle West is 13 stone 3 lb in the good old English way instead of 
185 Ib? Is Mr. Jordan afraid of misplacing the decimal point 
when he uses 9 as the characteristic of a logarithm to avoid using 
—1? If he is not, he need not be afraid of getting meters and 
millimeters mixed up in reinforced concrete design. 

In closing, the writer may be permitted to remark that it is a sad 
commentary on human nature that, when discussing objective 
scientific subjects, even engineers cannot get away from narrow 
prejudiced nationalistic viewpoints. The discussions are most 
likely carried out with a heated fervor worthy of the theologians 
of the Middle Ages. 

ADOLPHO SANTOS, JR., Assoc. M. Am. Soc. C.E. 
Sdo Paulo, Brazil 
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The Dilemma of Engineerin 
Education 


To THE Eprtor: It is to be expected that the current survey of 
civil engineering education being undertaken by the Society’s 
Committee on Engineering Education in cooperation with the 
Civil Engineering Division of the Society for the Promotion of 
Engineering Education will be an important step towards the im- 
provement of curricula. A questionnaire such as that reported by 
Roy M. Green, in the February issue, under the title, ‘‘Need for 
Broad Training Indicated by University of Nebraska Question- 
naire,’’ is certainly one of the first steps in the fact-finding phase 
of the study; but it would be unfortunate if the work of the survey 
should stop with a tabulation of the results from a questionnaire. 
Conclusive and comprehensive recommendations will certainly be 
welcomed by all concerned with the training of engineers. 

From answers to the Nebraska questionnaire, it would appear 
that there are many engineers who support a broader, more ‘‘cul- 
tural’’ education for the profession. Quoting from Mr. Green’s 
article, ‘‘A well-known authority on flood control uses the following 
words: ‘Like any other professional training, engineering should 
be based upon a broad non-technical foundation, as thorough as 
can be obtained without neglecting professional work.’ ”’ 

The foregoing suggests the dilemma which the present survey of 
the Society and the S.P.E.E. must solve if it is to prove a real con- 
tribution to engineering education. How is the engineering college 
to provide this ‘‘broad non-technical foundation without neglecting 
professional work?’’ Where to find room in an already crowded 
curriculum for courses in economics, history, psychology, English, 
public speaking, to say nothing of literature, art, music, and foreign 
languages? What to leave out of the technical training which is 
already often inadequate? 

The dilemma cannot be resolved, I am sure, within the existing 
framework of engineering education. To return to our quotation, 
“Like any other professional training, engineering should be based 
upon a broad non-technical foundation,...’’ What other profes- 
sional training includes both its foundation and its professional 
work in a four-year co'lege course? The training required for 
entrance into the medical and legal professions is well known, 
though few engineers would readily admit that their profession is 
less demanding in technical knowledge than medicine or law. 
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It may be claimed that the engineering college graduate is pre- 
pared, and should be prepared, only to enter a sort of apprentice- 
ship, during which he continues to prepare himself for his profes- 
But this is also true of medicine and law and, to an even 
greater degree, in the year or more spent as intern or law clerk 

rhe only complete solution to our dilemma lies in placing engi 
neering training where it belongs, in graduate schools. The college 
broad, non-technical foundation’’ along 
Some steps 


Sion 


could then provide the 
with prerequisite mathematics and natural sciences 
have already been taken in this direction, the only one with which I 
am familiar being at Harvard University, where the undergraduate 
engineering school has been abolished and advanced professional 

training is provided only in the Graduate School of Engineering 
I should like to see some university go the whole way and set upa 
graduate engineering school with possibly a three-year curriculum, 
requiring a bachelor’s degree for entrance and leading to the degree 
of C.E., M.E., or E.E. These professional degrees might then 

have the same standing that M.D. and LL.B. have now 

WILson V. Brincer, Jun. Am. Soc. C.E 

2d Lt., Corps of Engineers, A.U.S 


Greenwich, N.) 





Distribution of Transactions 


Dear Str: This letter presents a suggestion which would, it is 
believed, result in increased usefulness of the valuable technical 
information contained in TRANSACTIONS. The idea was presented 
te the Committee on Publications about a year ago, but due to war 
conditions they decided not to consider the proposal seriously. 
However, with the end of the war, and the almost inevitable disper- 
sion of our membership to foreign countries, I believe the idea 
should be brought before the Society for discussion and action. 

The suggestion is to send the complete TRANSACTIONS only to 
those members who request it, but to have reprints of each paper 
made available for 
free distribution 
in a form 
what similar to 
that furn- 
ished authors and 
Mem 
bers would be 
furnished with 
suitable binders so 
that their reprints 
could be kept ina 
permanently 
classified file In 
this way each 
member could 
build up an in 
valuable 
tion of 


some 
now 


discussers 


collec 
papers 
upon subjects in 
which he was in- 
terested It 
would, likewise, be 
a file which he 
could, and would, 
from 





TRANSACTIONS 


POSSIBLE FORM FOR FILING 


transport 
one job to another, without undue difficulty 
It has been my observation, and experience, that relatively few 
members fully utilize their TRANSACTIONS Those who might need 
the complete set of papers usually have access to a library where a 
complete file is available, or work in an office which has the entire 
set of TRANSACTIONS. Most of us have quite a problem providing 
space for them either in our office or at home, and it is probable that 
many copies are eventually discarded. This occurs even though 
the individual may be greatly interested in several papers in each 
copy of TRANSACTIONS 
rhe technique of distribution should present no problem to our 
efficient staff in the postwar period. Whether members would re 
ceive papers of the Divisions to which they belonged, or whether 
they would sign a check list each year, or whether some other basis 
would be better is a matter that would have to be worked out 
The form of the binder would, likewise, require investigation. The 
accompanying sketch is solely to illustrate the general idea and 
should not be taken as a concrete proposal. The shape of the 
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binder, for instance, probably should resemble, as nea 


sible, the present TRANSACTIONS. 7 
Even though the relative cost of*the proposed plan a compared Th 

to that now in effect may be the same, a small differen:, one = bat m 
or the other should not be considered seriously. |; should | me JOC 
emphasized again that the suggestion is made in order to make +} ren ( 
technical information available in a more useful and practical fo. Mz 
Don H. Matrern, Assoc. M. Am. Soc. ¢ puimpurport | 
Knoxville, Tenn. : ers, $ 
Editor's Comment: Periodically, revisions for the handling , I 
Society publications of the general type so well outlined by Me = 
Mattern have been posed. There are many valid reasons why tes iS 
they have never been utilized—for example, they would give only g “ ‘gu 
partial or limited technical library to members; the expense would ah str 
be out of all proportion to the value; the advantage of oye all migh t 
indexing would be lost; and other methods already availabje an aw the 
achieve the same result » Fe 
Every civil engineer should have a technical library. Trays. r Tox 
rIONS comprises the most up-to-date that is available, its vai. of h 


increasing with the years. Periodic indexes add to its usefylneg 
A complete volume covers not only the engineer's special inter 





sts jerm 
but also the finest of references on other collateral profenniond wn 7 
subjects. ™ enall 
TRANSACTIONS is the cheapest printing that the Society is priyj » deve 
leged to undertake. Practically all the text and illustrative my sused by 
terial is already ‘‘standing’’ in type. The volume is fairly lary Bec 
and the edition also is generous. All this results in a low unit cow eing 
But this is not all—about half the Society members order specig ay € 
bindings, in cloth or leather. While the cost of this work varig the 
from year to year, nevertheless the binding always yields som = ont 
profit to the Society which is immediately translated into addi. lify 
tional service, or lower net cost to members as bet 
As against this, to handle TRANSACTIONS papers largely by means y prep 
of reprints would add to the unit cost of the complete volume ané ™ 
would particularly add to the office cost of handling individygj des a 


orders, even in terms of thousands of members ordering. The 
present mass production and distribution is unbelievably reaso: 
able in cost; individual distribution would be problematic 
tent, but inevitably wasteful and expensive. 

Reprints of TRANSACTIONS papers with their discussions ar 
always available for separate sale. For the intensive use such » 
Mr. Mattern anticipates, such reprints are available. Taking 
1944 volume as an example, suppose an interested member wanted 
20% of all these separate reprints for his condensed file. The total 
cost to him would be only about $1.50, or considerably less tha: 
price of the leather binding. This would not require any chang 
the present method, or any failure to receive the complete vol 
For purposes of a complete file and use of the compreh: 
indexes, he still would have all the advantages, and at the sa 
time he could set up the type of library Mr. Mattern suggest 
cost more reasonable than the special binding 

These and other similar considerations have always appeal 
the Society’s Committee on Publications as indicating th 
vantages of making the complete TRANSACTIONS available to ever 
member. This procedure gives much more in value to the member 
and at a cost much less, than by an other method now availab! 
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Education and Psychology 

lo THe Epriror: For several years I have had occasion t 
serve the eternal conflict that exists between the theoretical and 
practical man, between the architect and the contractor, | 
the inspector and the foreman, between the office engineer and Ux 
field man, and between the scientist and the general publi 
accomplish anything always requires the mutual cooperatio! 
two or more groups often having fundamentally different trainmg 
and perspective 

To illustrate 
tical experience had to replace a washed-out bridge. 
the assistance of a young engineer. Later, when asked to turns! 
a report on the progress of the job, he replied, ‘‘I don’t know ! 
young feller has the picture drawed yet, but the bridge is up 2° 
the trains is runnin’ over it.” Conversely, many failures can ® 
attributed to the fact that practical men have relied too heav!’ 
upon previous experience which was not applicable to the case # 
hand 


yet W 


an old railroad employee with many years pr 
He was give! 








. New N 0. 10 














er of cases in which psychology plays a part are, of 
-osoite. A few examples will be cited: 
Th S. Coast and Geodetic Survey long ago discovered 
ents and bench marks which were given names of 
ignificance were much less likely toe be destroyed by 
vandals than those given an impersonal number. 

Many papers, articles, and books are being written, which 
ort to present to" Americans, and particularly to discharged 


Maariv as Dos. 


a COMPared 
NCE One wy 
t should } 
to make tha 
aCtical f; tm 





~ [cs ‘jiers, so-called postwar opportunities and developments. Many 

hese, if not completely false, are downright misleading. Re- 
handling iy I read one of these on rammed earth homes. One state- 
ned by Mp was to the effect that 80% of the soil found in the United 
CASONS Why tes is suitable for rammed earth construction. Where does 
l give only g < fgure come from? Another claimed that a certain rammed 
pense would , structure was found to be 60 F warmer inside than out. 
> Of over.ay ‘yough the writer did not say so, the uninitiated could certainly 
Vailable aw the conclusion that the rammed earth walls actually give off 


; Further, the whole article gave the impression that any 
. | Joe with a couple of thousand dollars could build one with the 
» of his neighbors. I would hate to see G. I. Joe lose the few 
‘ollars he has saved during the war on such a doubtful proposition. 
«thermore, it is quite possible that rammed earth, soil cement, 
rammed earth with asphalt binder may prove very practical 
It would be most unfortunate to have a possible 


TRANSag. 
le, its value 
| usefulness 
ial interests 
Professional 


r small homes. 








ety is priyi. wy development ruined or distinctly set back because of failures 
trative ma sysed by an ill-informed or misinformed few. 
fairly larg Because of the enormous number of young Americans who 
W unit cost -e being exposed to the use of the metric system of measurement, 
rder special nay expect that efforts will be made to obtain its adoption here 
work varies - the close of the war. Certainly most scientists and engi- 
yields some ; are agreed that the adoption of the metric system would 
| into addi olify and expedite a great deal of work and the exchange of 
‘eas between nations. However, the ground work must be care- 
ly by means ly prepared, and the sponsors must tread lightly or their efforts 
volume and me to naught. It is no easy matter to change the habits of 
individual ades and centuries, to unlearn facts acquired with some dif- 
ring. The culty, and to overcome mass inertia. 
bly reas e engineer can eliminate a great many difficulties, if he takes 
1atic | roper recognition of the point of view and background of the 
icular group he happens to be dealing with. The matter was 
USSIONS af ight sharply to my attention over four years ago by my com- 
use such a wding officer. He said, ‘You will not give orders so that they 
Paking (! an be understood; you will give them so that they cannot be mis- 
ber wanted rstood.”” 
Phe total Joun E. Suga, Assoc. M. Am. Soc. C.E. 
Ss tha Captain, Corps of Engineers, 
y chang nville, Fla. U.S. Army 
te vol - —_—_—_ 
. | 7 
=~ Metric System Unnecessary 
ggest ie Eprror: In recent issues of Crvi. ENGINEERING several 
have advocated discarding our measuring system in favor 
ppealed t {the metric units. Most of their dissatisfaction arises from the 
vg the ay livide the inch, rather than from the use of the foot. If 
Je to ever | devise a smooth-working method of handling the inch 
e membe divisions, we would be free of the danger of having to make 
:vailabl mplete shift to the metric units. 
Ep! e foot seems to have originated with the Romans, being two- 
f the old cubit, which was too large for convenient usage as 
The Romans further divided the foot into 12 parts— 
r inches, as we translated it. These inches were further 
- into twelve parts, a trace of which is found in the present 
al a measure, in which the inch is divided into 72 “‘points.”’ 
» betw Without directly adopting this 12-point division of the inch, we 
ors ww enough from the general idea to make our usage much 
ublic vorkable. The commonly used divisions of the inch may be 
eratior ed in these three ways: 
t tra MMON FRACTIONS DecrmaL PARTS UnNcIAL Parts 
0.500 600 
0.250 300 
_ 0.125 :160 
Was 5 0.0625 090 
to fur : 0.03125 046 
1ow if that 0.015625 023 
is up and ‘ie uncial division the digits have the inch to foot fractional 
res can be “ue. Supplying a single symbol for 10 and a single symbol for 11, 
0 heavily ‘are able to write any expression involving 64ths of an inch with 
he case at uy three figures—that is, —O — ®7/, in. = 0 in. plus */, in. plus 


=:900 plus :160 plus :023 = 0 \,:83 in., the single 
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symbol for 10 being a line in the 10 o’clock direction with a barb 
on the right side, while for 11 the barb is on the left side, as for all 
odd numbers. These clock-face figures are easy to comprehend 
and make. 

Fractional inches reduced to these uncial terms can be readily 
added or multiplied and converted to feet by moving the uncial 
point one place to the left, as in decimals. As an example to find 
the rise for a third pitch roof at 10 ft 7-°/is.in., convert to uncials 
(9/y¢ in. = 1/2 in. plus '/j, in. = .600 plus :C90) = \_ : 7690 ft 

and multiply by the rise per ft, or 8 in. = : :8 
7:10600 ft 

= 7'—1-3/., in 
=7:1069 exactly 

This particular type of problem can be more easily handled by 
using Smolley’s Tables, of course, but the general idea is here ad- 
vanced with the thought that every engineer has a different back- 
ground of work experience, and some may find a useful place for it 
For instance, those engineers who habitually work with building 
plans and construction might consider running their levels with an 
uncially divided rod, thus making it easy to get an exact setting 
for elevations expressed in sixteenths. In the mechanical field, 
these uncial numbers might provide a means of size and gage 
identification that would result in a simplification. An uncially 
divided micrometer should be considered. 

The arithmetic involved seems very slow and awkward to us, 
but that considerable segment of the world’s civilized population 
that uses British coinage does the same arithmetic quickly and 
easily as a matter of course. All our old land records and building 
plans have the foot as a common denominator, and we would avoid 
a lot of confusion if we could perfect our system so that it would 
not be vulnerable to attack by exponents of the metric system 


Detroit, Mich. PAUL VAN BuSKIRK, M. Am. Soc. C.E, 





Forum on Professional Relations 


Conpuctep CoLuMN or HyporHeticaL QUESTIONS WITH 
Answers BY Dr. Meap 


Herewith Dr. Mead gives his answer to Question No. 35, which was 
announced in the August issue. The question states that: ‘‘A 
university student, enrolled in the electrical engineering course, is 
offered part-time employment with one of the telephone companies 
associated with the A-system about a year before the time for him to 
graduate. The representative of the company tells the student that the 
company intends to help him through school by giving him employment 
during the following school year on a telegraph repeater maintenance 
job, and that after graduation it plans to put him in the engineering 
office as a repeater man. The work given him while in school is light 
and involves easy hours, and he gets well paid for doing it as it is of a 
special mature. He is benefited, and the A-company also receives full 
value for the service he has given while holding the job. After the 
student graduates and goes through the company’s special six-week 
course in order to learn more aboul the repeater work, he is offered a 
good position with rather unusual opportunities in another company 
Should he accept, or what would he do in this case? 


To the writer the conditions seem to indicate value received on 
the part of both the student and his employers. The fact of his 
employment seems to indicate that he is expected to continue his 
services, and there may be—and perhaps should be—a sense of 
obligation to do so. However, the writer does not see that the 
student is ethically bound to stay with his employers provided his 
opportunities in another direction are superior. 

DANIEL W. Meap,Past-President 
and Hon. M. Am. Soc. C.E 
Madison, Wis. 


Question No. 36, which was announced in the September issue, 
will be answered in the next, or November, number. Replies to 
the following question may be received until November 5, with 
answers in the December issue. 

QueEsTION No. 37: A few years ago a student was working on an 
engineering crew, which had charge of a grade-separation project 
Occasionally the contractor would send a box of cigars and a carton of 
cigarettes over to the office. These were accepted. Did the crew 
violate any ethical consideration? 
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Secretary Carey Attends Meeting of Los Angeles Section 


\nout 350 members and friends of the Los Angeles Section at- ~- A second stop on the return trip was made at Chicago 
tended the first dinner meeting of the season on September 12 at Secretary Carey attended a luncheon meeting of the Chi ago | 














the University Club. One of the subjects for discussion at this neer’s Club “Hot Stove League.” The league assembig Wes 
dinner meeting was Society activity in engineer welfare matters, quently for exchange of news, gossip, and good fellowsh Sen 
and particularly with regard to collective bargaining. On hand members of the Society are active in this most informa! ero 4 
to lend counsel was Secretary William N. Carey, who had made the Secretary Carey reports that there appears to be no relief as yy 
trip to Los Angeles at the special request of the Section. In an _ in travel conditions. Trains and hotels are filled to capacity Post ( 
informal address at the meeting, he stressed the predominance of sistently, and fortunate indeed is the man who obtains + ay 
Board interest in the human side of engineering and the economic commodations for which he has made reservation in ad vane _ ta 
welfare of civil engineers. He also outlined the history of the So- Notwithstanding travel difficulties, the Secretary has bee, . . ecihility 
ciety’s activities in relation to collective bargaining. couraged by the response at the several meetings he has atte ~e 
I'wo days later, on the return trip, the Secretary stopped at Salt since his appointment, to pian visits to each and every | oe 
Lake City, Utah, toattend a regular scheduled meeting of the Inter- Section just as soon as practicable. He hopes to learn mure of; y 
mountain Section. The scheduled discussion was on the sanitary local interests, objectives, and needs of Society members through 11 be fo 
engineering problems of the state. Here the Secretary outlined out the nation and thus improve the ability of our Headquar: ' 
again the same subject he discussed before the Los Angeles Section to give better service to all. . at " 
at i 4 
NOTES FROM THE CAPITAL the elevet 
Occasional Information Transmitted (G S | - { | d 3t a hi t} f co a f such | 
Sag ES rg — serena a suide to inaustrialZation O na 
resentative and Believed to Be of P * ’ ~d 
Special Interest to Civil Engineers. I Cpal C 
rue Engineering Service of the Foreign Economic Administra- nical know-how for coping with twentieth-century problems. 1] threshold 
tion has prepared a ten-volume Guide to the Industrialization of | most important contribution that can be made by the people oft he a shar 
China. Intended to serve as a technical aid to the Chinese in United States to accelerate this development is to enlist our tec 
developing their industrial plan, the guide was made available to _ nical ability and knowledge in assisting the Chinese to plan ay ron 
the Chinese Government and American Government officials in build their industrial plant... . fornia, M 
February 1945. A condensation of the Guide is now being pre- **The end of hostilities in Europe, and the Allied victory int going 
pared for general American use. Pacific have focused the attention of the entire world on the pro picture 0 
Outlined in the plan are nearly 600 industrial establishments lems of the peace. There is a growing conviction that the j states. | 
and procedures for improving and expanding transportation sys- dustrialization of the great undeveloped areas of the world, an scar 
tems at a cost of approximately $1,900,000,000. The study is especially of China, should be encouraged and aided. Technic Idaho 
neither an official program nor an attempt to indicate the degree of | guidance in the planning stage will not only keep the doors ope rather t 
industrialization required to meet all of China’s needs. Since the for American industry, but will create good will in our futw takes 
Guide is essentially an engineering study, it does not deal with the __ political and economic relations with other countries and will ca tit r" 
mechanics of financing the program. The major objective in pre tribute to the establishment of a sound basis for economic recover lax in pl 
paring the Guide was to indicate the kind and the extent of the and world peace. vide for t 
basic industries which must be developed in order to establish the ‘‘Although the Guide offers only one of many possible plan 
essential elements of an industrial structure. Perhaps more im- initiating China’s industrial development, it was based on the cos and useft 
portant even than the industrial and technical data which it pre viction that the most practical and effective approach to the pro v tl 
sents is the fact that it defines a starting point for industrialization lem of establishing new industries in China is to provide a w interest 
and outlines a pattern of integrated industries which should be enough range of product and technology to meet the needs of f privat 
developed before a more ambitious program can be undertaken. expanding industrial economy and to develop the know-how | \ 
In their work, the engineers of the Foreign Economic Administra further expansion. The Guide was prepared with this objects 
tion were assisted by leading American industrial and engineering and will serve its purpose if it is used for the development of a wel 
firms in determining the manufacturing processes and physical rounded, balanced, and operative industrial plan.” a] 
characteristics of plants which could be adapted to Chinese condi Also the abstract states that: t 
tions. Industrial training and hygiene programs were included to “Tt was recognized that a broad plan of development for Cam z 
assist the Chinese in meeting the manpower requirements of in- should encompass programs for: 


dustrial expansion. Leading American universities and the U.S 
Public Health Service assisted in this part of the work. In the de- ; 
. _— . yroper 
velopment of the Guide, the FEA engineers had the cooperation of porn ay cr Pa 
—_— 2. Rehabilitation of war damage 
the Washington representatives of both the National Resources por . , “air , le 
: “2 ony : ee 3. Conversion of Manchuria’s war industries to 
Commission of China and the Chinese Ministry of Communications, : : 
Oy industries 
as well as of many Chinese engineers in this country ” . : VA patter 
: . 4. River and hydroelectric development on the T\A pa 
An abstract of the Guide prepared by the FEA states - ; ; 
‘a >». Expansion of export trade 
The Guide was undertaken in the belief that the emergence of 
China as a modern industrial nation, and the technical and eco ‘The scope of the plan presented in the Guide was limited ! 
nomic assistance of the United States in achieving that end, will first of these five programs because of the conviction that Ua 
prove to be of substantial benefit to both countries. The Chinese prime need in developing an industrial economy 1s t ta 
lack so many of the basic necessities of modern living that their ment ‘of basic industries upon which industrialization 
potential requirements for clothing, housing, medication, and the Although their ultimate importance is recognized, developme! 
manifold products of an industrial age challenge the imagination most of the other programs will depend upon informatiot 
“The 450 million ‘people of China, representing one-fifth of the will not be available until the final stages of the war 1 | 
world’s population and occupying an area over a third larger than or which will require more detailed surveys of resour 
the area of this country, need the tools of production and the tech- _ tions in China than can be undertaken at this time 


“1. The establishment of industrial centers throughout Cm 
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her hand, the TVA type of combined river control and 
and industrial development, which will be of con- 
ortance in the future development of China, requires 
mal study and many years of planning and construc- 
inary studies of this type of development have been 
John L. Savage, Chief Engineer of the Bureau of 
_who was sent to China by the Department of State 
rious projects and potential sites. Although the 
ot deal with the problems of large-scale hydroelectric 
it does include a discussion . . . of river control.”’ 


420. y . - 








Is Planning for Construction 


Tiial groy, 4 f our Local Sections on the Pacific Coast during the 

\ugust revealed to the director of the Committee on 

nstruction, Oscar L. King, Assoc. M. Am. Soc. C.E., 

ction of the United States is decidedly cognizant of the 

of planning for construction in order to offset the 

ff unnecessary unemployment. The attendance at the 

heduled was indicative of the importance of this subject, 

se who came took an active part in the meetings. 

gestions and criticisms have formed a pattern that could 
followed in other sections of the country. 

in nearly every city visited public works construction in 

twar era was high on the list, private construction, if listed 

; low in the volume already planned. True, this is due 

ictance of private enterprises to divulge their plans before 

nth hour, but it may also be because there is a serious lack 
rojects. The aims of the Committee on Postwar Con- 
have always been to bring this volume of private con- 
ip to reach ten billion dollars for the first postwar year. 
ugh the term ‘“‘postwar”’ was correct when Mr. King started 
trip, before it was consummated we had entered the 
blems, Th threshold of the period of reconversion. Perhaps now there will 
rp upward curve to the graph depicting private construc- 
is what we sincerely hope will occur. 

s visits to Utah, Idaho, Washington, Oregon, and Cali- 
Mr. King learned that all these states are anxious to get 
ictory int the construction survey, which will give a fairly true 
mi the prot ir the volume of private construction planned for these 
that the j stat He also found a general lack of skilled workers and a 
world, ani sarcity of engineers, draftsmen, etc., for preparing plans now. 

Techni Idaho most anxious to confine its construction to private 
doors ope rather than public works, realizing that if private construction 

oper place, public works of necessity will follow in due 
is is vastly important because if a state is reluctant or 
planning for private construction, the door will be opened 
for the admission of another made-work program, and all fully 
plans | realize the costliness of such a program for a minimum of needed 
ful structures. 
fo the pr that the war with Japan has come to a close, it will be 
g to watch the statistical graph to determine the progress 
i {private construction. Will it be a healthy progress, or one that 
retarded and result in the abuses of made-work programs? 
nsibility for this story rests on the shoulders of each 
aw is to whether or not he is doing his part to promote this 
ly—that is the place where it must originate because it 
il’. man who knows his local needs best, and his knowl- 
Chis ge of this will help him directly as well as his community. 
rity comes to his community, he will be benefited. 
. ind the reverse is also true—if unemployment and depression 
’ mmunity, he and his neighbors will be affected thereby. 
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(he Engineer in Foreign Service 
YAXV. Refuses Steak, Life Saved 


BERT M. OKEYy, Son or CHaRLes W. Oxey, M. Am. Soc 
C.E., Princreat Civm Enorneer, TVA 


5 Ke 


i villa overlooking the Mediterranean, formerly occu- 
ramour of the King of Spain. Now working very little. 

pervise the labor of German prisoners. 
ce little airplane ride from Liége to Paris last winter. 
way, was where I was in a field hospital, and it also 
und cond apper be the center of the buzz bomb attacks. You should 
bies go off. Sometimes they would go over every 5 
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minutes, and at a mile away they can just about knock you out of 
your bed. Their destruction was enormous for one bomb. After 
heavy shells for several days running past over my head this was 
mild, but after lying there and listening to the motor cut off I was 
worrying about them too. 

I can tell you one more. I probably had my life saved by refus 
ing to eat a steak. Sounds queer for me, doesn’t it? Well, I was 
in a room in a house in a little Belgian town that was under spas 
modic artillery fire. My platoon guide (38 years old and an ex- 
butcher) was just cutting up a cow we had appropriated and asked 
me if I wanted some. After having had nothing but cold beans for 
three days I don’t know why I refused but I did. I went next door 
and while I was there an ‘‘88”’ zeroed in on the cross-roads there, 
and a shell went into the room I had just left and exploded inside 
and this fellow caught a piece of shrapnel right in the head. I don’t 
know how he ever came out. I went down in the basement of the 
next house while they almost shelled it from over us. We just sat 
there with the mortar trickling down our necks. I finally ran out 
and got on a jeep, between shells, and went back to my battalion, 
so I got out okay. Not many of my company did. Three days 
after I left, our first platoon had a strength of 6 men out of 40. 

(Reprinted from the July 1945 Tennessee Valley Engineer,” publi- 
cation of the Society's Tennessee Valley Section.) 





Sacramento Section Studies 
Railroad Problem 


IN THE ciTy of Sacramento, Calif., a serious traffic problem exists 
because of the presence of railroad tracks bisecting the city. Vari- 
ous interests in the city have indicated their desire to attempt a 
solution. Opportunity to serve the community, in a field where 
their engineering services would be particularly valuable, was 
recognized by the Sacramento Section of the Society. 

In 1944 appointment of a committee to study the so-called 
“Western Pacific Problem’’ was approved. Frederick W. Panhorst 
was named chairman, and the following were included as members: 
Conrad A. Ecklund, Fred J. Grumm, Carl M. Hoskinson, Carl 
Maughmer, Gilbert F. Mellin, Stewart Mitchell, A. G. Mott, 
George G. Pollock, N. C. Raab, Henry M. Rich, R. Robinson Rowe, 
Norwood Silsbee, J. G. Standley, Jr., Edwin F. Sullivan, and Ed- 
ward E. Welch—all members of the Society. 

The committee has been active in the prosecution of its work 
since its formation, considering the two general solutions to the 
problem: (1) moving the track to a new location, and (2) improv- 
ing conditions with the track in its present location. Each general 
solution embodies many alternatives which are being studied by 
the committee. Two progress reports have been presented by the 
committee, and members of the Section have been given opportu- 
nity to question the committee and to make suggestions. The com- 
mittee expects to complete its report within the next few months 
and to submit it to the Section for such action as seems appropriate 





Appointments of Society Representatives 


Boris BAKHMETEFF, M. Am. Soc. C.E., has been appointed the 
Society’s representativé on the Engineering Library Council 
of the Board of the Engineering Societies Library, the appoint- 
ment becoming effective October 1, 1945, 

E. E. Bauer, M. Am. Soc. C.E., has been appointed the Society's 
representative on the Committee on Specifications for Sieves for 
Testing Purposes, Z 23, of the American Standards Association; 
L. D. Draper, M. Am. Soc. C.E., the Society's representative 
on the Association’s Committee on Standards for Drawings and 
Drafting Room Practice (Committee Z 14); and Grorce A. 
Tuompson, Assoc. M. Am. Soc. C.E., the Society's representa- 
tive on the Association’s Committee on Loading Platforms at 
Freight Terminals and Warehouses (Committee E-12). 

R. H. Burke, M. Am. Soc. C.E., has been appointed the Society's 
representative on the Washington Award Commission, his ap- 
pointment being effective as of May 31, 1945. 

ABEL WoLtMaAN, M. Am. Soc. C.E., has been appointed the So- 
ciety’s representative on the Division of Engineering and In- 
dustrial Research of the National Research Council for the com- 
ing three-year period beginning July 1, 1946. He will succeed 
FREDERICK H. Fow er, Past President Am. Soc. C.E 
term expires on that date. 


, whose 

















News of Local Sections 





Scheduled Meetings 


CINCINNATI SscTion——-Regular meeting at the Cincinnati Engi- 
neers’ Club on October 2, at 8 p.m. 

CLEVELAND Section—Dinner meeting at the Cleveland Engi- 
neering Society on October 19, at 6:30 p.m. 

Dayton Section—-Luncheon meeting at the Engineers’ Club on 
October 15, at 12:15 p.m. 

GsorGia Section--Luncheon meeting at the Davison-Paxon 
Tea Room on October 5, at 12:45 p.m. 

Los ANGELES SecTion-——Dinner meeting at the University Club 
on October 10, at 6:45 p.m. 
Dinner meeting at the Engineers’ Club 

(Cocktails at 6 p.m.) 

METROPOLITAN SecTion—Technical meeting in the Engineering 
Societies Building on October 17, at 8 p.m. 


MARYLAND SECTION 
on October 18, at 7 p.m 


Miami Secrion-——-Dinner. meeting at the Southern Tavern on 
October 4, at 7 p.m 

New Mexico Section-—Technical meeting at the University of 
New Mexico on October 17, at 7:30 p.m. 

NORTHWESTERN SeEcTION-——Dinner meeting at the Minnesota 
Union on October 1, at 6:30 p.m. 

SACRAMENTO SecTion-——Regular luncheon meetings at the Elks 
Club every Tuesday at 12 m. 

SAN Francisco Sectfon—Dinner meeting at the Engineers’ 
Club on October 16, at 6 p.m. (C. G. Gillespie will be the speaker 
on a topic related to postwar sanitary projects in the San Francisco 
Bay area 

TENNESSEB VALLEY SecTrion-——Dinner meeting of the Knoxville 
Sub-Section at the S & W Cafeteria on October 10, at 5:45 p.m. 

Texas Secrion—Luncheon meeting of the Dallas Branch at the 
Adolphus Hotel on November 5, at 12:15 p.m. 

Cri-Ciry Secrion—-Dinner meeting at the Muscatine Hotel, 
Muscatine, Iowa, on October 11, at 6:30 p.m. 


Recent Activities 
Los ANGELES SECTION 


[he annual high jinks of the Los Angeles Section took place at 
the Oakmont Country Club on July 25. The party consisted of a 
golf tournament, which started at noon, and a dinner and enter- 
tainment in the evening. The golf tournament, managed by Roy 
Anderson, attracted the largest number of contestants on record, 
with 23 teeing off. The prizes, which were donated by Don War- 
ren, went to Lt. Ray Sparling, U.S.N., low gross; David Fiscus, 
low net; and Mason Lance, biggest jinx. A large gallery followed 
the contestants over the course, giving them encouragement or 
jeers, as the case might be. Musical entertainment was provided 
during the cocktail hour and dinner, a featured number being a duet 
by President Salsbury and an accordionist. There were, also, 
dancing acts, songs, and a rousing xylophone solo by a blind artist. 
There was the unusually large attendance of 165, and John Albers 
and Roy Anderson received a vote of thanks for their efforts in 
making the day a success. 


” 


NEBRASKA SECTION 

On July 24 the Section held a special dinner meeting in Omaha 
in honor of Society President John C. Stevens. The attendance 
of 54 included several of Mr. Stevens’ classmates from his school 
days at the University of Nebraska. In his talk Mr. Stevens dis- 
cussed some of the Society's activities, and the purpose of the Board 
in sponsoring the work described. He stressed, particularly, the 
work of the Committee on Engineering Education, the Com- 
mittee on Postwar’ Planning, and the Joint Committee on the 
Economic Status of the Engineer. Mr. Stevens also touched on 
the réle of the Society in the preparation of a plan for the industrial 
control of Germany and Japan. 
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PANAMA SECTION 


The Panama Section held two meetings in August. On ¢), », 
there was a talk by F. E. Hulse, chief engineer for F. }1_ y.~ 7 
and Company of Panama. In his talk, which was entit\oq Tres 
in Airport Design,’ Mr. Hulse gave a résumé of airpor; desi 
from 1920 to date, emphasizing especially military inflyenc. p 
touching on postwar possibilities. On the 13th, there was , i ‘| 
meeting of the Section and the Canal Zone post of the Socijer,, I 0 
American Military Engineers. The feature of the occasion was « 
showing of the Allis-Chalmers Manufacturing Company’s at: 
film, ‘Tornado in a Box,” which concerns the continuoys ial 
bustion gas turbine. There is considerable interest in tec); 


wa 





circles in the recent development of the gas turbine, and the ores It rs 
was enthusiastic at the opportunity to see the film. ™" aap unt 
f np 

PvERTO RIco SECTION ural life 

The Section held its fourth technical meeting of the yea; , murce oF 
August 22. Principal speaker and guest of honor was Freq ying on 
Severud, New York City consultant, who has been employes, ween tie 
make a survey of the construction industry in Puerto Rico, With ae 
view to suggesting methods for reducing the cost of, and improy) w are 
the design of, concrete. In this talk, which was entitled “Pa p thts VIC’ 
and Fancies in Engineering and Construction,”” Mr. Severy¢ _: dR 
cussed modern trends in reforced concrete design, with empha pe SOUrCE 
on the structural form. During the business session Raoy| ye “"° 
Arroyo was elected secretary-treasurer, replacing Luis M. Guilegme OC" 
mety who resigned. pr more t 
It 1s evi 

SACRAMENTO SECTION - bus 
At the annual Junior Day meeting on August 7 E. G. Burd hence sot 
hardt, a Junior in the Section and assistant engineer for the 1) @iborder_ of 
Bureau of Reclamation, gave an account of the first railroad ; hat a lar 


California. The meeting held on August 21 featured talks on F, nturies ; 
som Dam by Frank Kochis and Lt. Col. W. D. Morrison. |; point sout 


proposed that this dam will form a multiple-purpose storage reg he presen’ 
voir on American River, 25 miles northeast of Sacramento. Poli xated, a 
cal topics, presented at the other two meetings, included talks | nat now 
Gene Desimone on ‘Propaganda and Government,” and ProfBtream-be« 
Michael J. Brickley on the San Francisco Conference. bver the 1 

SAN FRANCISCO SECTION = Pr | 


A lecture on the “Construction of U.S. Naval Drydock: 
Hunter Point’’ comprised the technical program at a dinner meet 
ing of the Section held on August 21. This was given by George! wer hed. | 
Nicholson, captain, Civil Engineer Corps, U.S. Naval Reser... 
who is public works officer and officer in charge of constructi 
at the Hunter Point Navy Yard. The attendance of 175 inclu 
several students, who were guests of the Section. ye 


Soutu CAROLINA SECTION 


The annual summer meeting of the South Carolina Sectio A 
held at the Columbia Hotel in Columbia on July 26—took the / . 
of a joint session with the South Carolina Society of Engin... 4 da 
The program consisted of a technical session, business meeting, a 
dinner. The list of scheduled speakers included R. M. Cooper, 
director of the South Carolina Research, Planning, and Devel 
ment Board; Martin S. Flood, lieutenant, Civil Engineer Cor 
U.S. Naval Reserve, stationed at the Congaree Air Base; and Bn 
Gen. R. F. Fowler, who is division engineer at Atlanta, Ga 


















TEXAS SECTION 

There was a good attendance at the August luncheon meeting 
the Fort Worth Branch. Following luncheon and a brief busine 
session, there was a general discussion on the city-wide clean 
campaign. The principal speaker—Henry Cook, until lately 
lieutenant in the U.S. Naval Reserve—was then introduced. } 
Cook described the work of the Seabees in general, and drew # 
tention to the part played by pontoons in winning the war 


TOLEDO SECTION 

On July 24 members of the Toledo Section of the Society part 
pated in a meeting of the Toledo Technical Council, of which* 
Section is one of the sponsoring groups. The technical prog 
consisted of a talk by William C. Eddy, captain, U.S. N 
who is officer in charge of Navy radar and radio training. Tous 
ing briefly on the important uses of radar, Captain Eddy pom 
out that there are many special uses of this valuable equipme™ 
and that some of them are still closely guarded secrets. He ™ 
more into detail on the subject of television. 
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1. McGrg About Engineers and Engineering 
ort ig 
pads Flood Control and Diversion Works in Persia but. fer many cunturios, In fact it in greb- 
Sox able that it will continue in service with 
mn Was th By L. M. Winsor, M. Am. Soc. C.E very little maintenance even for thou 
iny’s onl x GENERAL, IRRIGATION ADMINISTRATION, MINISTRY OF AGRICULTURE, IRAN sands of years, for it is built entirely of 
OUS com river-bed stone with the strongest kind of 
tech; '. «epms that very few people in Te- the water in the canal. When the heavy concrete filling the voids 
1 the gr aa .bout the River Kahn and the spring runoff was over, sand would be The natural, water-worn boulders are 
é int place-it fills in the agricul- shoveled or carried into the rock diversion placed close together, without mortar in 
the community. It is the dam in an attempt to close the leaks. But the exterior surface but with all voids 
iter supply for all the lands this practice was never satisfactory and re- filled with concrete on the inside of the 
~ west and south of Teheran be- sulted in much loss of water. wing walls, and beneath and between the 
7 Fred We th villages of De-Rasht and Rey Likewise the canal for several kilometers lower ends of the stone in the floor or 
" ploy ns to know when water was was subject to heavy erosion by floods. apron of each spillway structure. In the 
L1CO, wit 


| from this stream to the lands 


d improve . . 
apron But certainly the ancient 


s vicinity 

tled “Fact » of Rey, or Shahabdolazim, utilized 
—— rce of water supply to its full capac- 
th emphas it is safe to say that this diver- 
4 ow ‘ ystem has been in constant operation 

M. Guile , than fifteen hundred years. 
vident that the ancient river bed 
ry close to the village of De-Rasht, 
G. Burek h uitheast along the southwestern 
for the 'g weder of Teheran. It is my conclusion 
railroad j hat a large canal was opened up many 
alks on Fol igo, running due south from a 
rison 1 of the village of Kahn, where 
Orage reser nt head of the Feruzabad Canal is 
nto. Polit eat and where the Karaj-Teheran 
led talk le nat crosses some 30 m below the 


Prof tream-bed, and that heavy floods broke 
river banks and washed out the 
to make a channel 
river now flows. Since that time 
, necessary to divert the water 
inner meet xk into the canal that runs near the old 
1 order to convey it to the irri- 

lands west and south of Teheran. 
g all these centuries, there seems 
fon en no attempt at building a per- 
version and control dam. In- 
vater users have followed the 


inal new 


ractice of carrying boulders into 

it flood time in order to keep 
rhis re- 
ily maintenance because the 
sCeTING tr vhich is fed by melting snow, 

ery greatly as between night 
iid from day to day. Hence the 


wing into the canal 
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® FLOOD CONTROL AND GRAVEL CONTROL ABOV!I 
KAHN River DIVERSION 


Many breaks occurred, and each of these, 
when repaired with willow baskets filled 
with boulders, would leak badly, again 
causing much loss of precious water from 
the canal 

In 1945, instead of repeating these an- 
nual practices, the Irrigation Administra- 
tion has used the annual maintenance fund 
in building a permanent control works that 
will last, not only for ten or twenty years, 





GRAVEL-CONTROL SPILLWAY BEFORI 
Vorws WERE FILLED AND POINTED 


LONG, 
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foundations of the walls and in the down 
stream toe of the spillways, large boulders 
up to half a cubic meter in volume were 
placed in the bottom of excavations that 
extend 1'/, m below the stream bed, or 
down to huge boulders that were buried 
beneath the surface 

In the walls above ground, double rows 
of large boulders, one-man size, were 
placed with the long axis of each boulder 
pointing inward and slightly downward, 
and with the thick ends of irregular boul 
ders on the exterior. Care was exercised to 
place each boulder in such a way that it 
fitted into the point between two or more 
rocks already placed. No small rocks were 
used at any time. The exterior of the wall 
has the appearance of having been laid 
without mortar of any kind, for the con- 
crete was placed only on the interior to fill 
all voids. Care was also exercised to keep 
the exterior surface absolutely clean 
Hence it presents a very attractive ap 
pearance as well as one of strength and 
stability. 

The floor or apron of each spillway was 
laid by placing the boulders shingle fashion 
with their long axes slanting downward 
and with their thick ends on the upper sur 
face. Concrete fills all voids but does not 
separate the stones one from another. This 
makes it virtually impossible for the.struc 
tures to fail. None but hard, solid, river- 
worn boulders were used in any part of the 
structures. Repeated floods of high water 
have tested the work most thoroughly and 
no weakness has been found. 

It is interesting to note that the work- 
men were without exception just common, 





SECTION OF WING WALL AT Diversion Dam Is 5 M Hiacu, 200 M 
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unskilled laborers, without previous train- 
ing in work of this kind. One laborer ap 
peared who had worked previously as a 
stone mason, but at the end of the first day 
he was discharged because he insisted upon 
using his own ideas, which were contrary 
in every respect to the system prescribed 
He wanted to lay the stone in courses as in 
a brick wall, with the long axis of each 
stone parallel to the exterior face of the 
wall, and with small stones to level each 
rock, also with mortar between. He had 
too much to forget; hence his services 
could not be used. 

The writer gave his personal attention 
to the work of training the men to do a 
good job. He taught them how to obtain 
the best possible mix of concrete, using 
approximately one part of cement to three 
parts of sand and six parts of coarse aggre 
gates (which included a splendid gradation 
of gravel up to 10 cm in diameter), with 
clean water sufficient to make a plastic 
mix. Each batch was thoroughly mixed 
It was necessary at first to remove and re- 
place much of the work done by the men 
while they were learning the technique of 
laying rock; but with patience and kind 
ness they were made to understand why 
the work they had done was not exactly 
right. If they used an excess of concrete 
the writer required them to remove it and 
showed them repeatedly how the work 
should be done. If they spilled concrete 
on the outside surfaces he required them 
to scrub the rocks clean, with water and 
their hands, until they learned by experi- 
ence that they must keep the exteriors 
clean. 

It required but a few days to discover 
the men who could do the best work. The 
others were used as helpers. After five 
days it was seldom necessary to make cor- 
rections. The personal attention and the 
patience exercised during those first few 
days has paid big dividends in obtaining 
efficiency, and in securing a job that would 
be a credit to skilled workers of the high- 
est grade. Furthermore, after the first 


two weeks the men could be left without 
supervision for hours at a time, and the 
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work went forward without the slightest 
difficulty or delay. We now have a crew 
of thirty to fifty men that can be trusted to 
carry on work of much greater magnitude 
when the time comes for executing the 
more important jobs that are under con- 
templation by the Irrigation Administra- 
tion. 

The essential features of the Kahn River 
project were completed between February 
1 and March 15, 1945, at a cost well 
within the annual budget for maintenance, 
which amounts to approximately 150,000 
rials. This included the main diversion 
dam and spillway and the diversion canal 
intake. However, additional works and 
refinements were planned and executed 
that are just now being completed at a cost 
of 150,000 rials additional. These addi- 
tions include a protection works consisting 
of dike revetments and a spillway to pro 
tect the municipal kanat lines from dam- 
age by floods. These works also provide a 
means of controlling the gravel and sand 
that normally flowed into the canal system 
during periods of high water. 

They also include a provision for de- 
veloping power for washing, elevating, and 
screening this sand and gravel, (of which 
an immense quantity of the highest quality 
comes down annually with the spring 
floods), and a large receptacle for storing 
these aggregates until they are used: They 
can be made available for commercial use 
in Teheran, or a works for concrete prod- 
ucts can be established at the site to utilize 
this great volume of material brought 
down by the water. 

In addition, the delivery canal has been 
repaired so that there is practically no 
visible loss of water. It is planned to im- 
prove the canal all the way to its destina- 
tion as soon as funds and equipment are 
available. 

Briefly summarizing, the Kahn River 
Diversion works has been completed at a 
cost equal to the cost of annual control for 
two years, and the maintenance cost in 
future should not exceed 2% of what was 
formerly the normal annual expense. 
Moreover, provision has been made for 
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eliminating sand and gravel f; 


l th c 
and for storing it where it can be sy 
commercial purposes and for |)yij ding 
can supply the annual needs of Teh 


for all time. 

Furthermore, flood protection has; 
provided for the municipality's kanat jn 
The sections under the river hag ,. 
viously been filled by over 
caved in and destroyed wells | ading frq 
the river-bed surface down into the kar 
The numerous leaks in the main canal hg 
been closed and the banks have been raix 
and strengthened from the diversion 4 
to the state highway. Last, but nos ~~ 
crew of splendid workmen has been trai 
and made ready for carrying out the » 
gram of irrigation development through D> 
Iran, plans for which are now ready ¢; 
process of being completed 

It should be mentioned that the gi 
sion and control works as completed 
tain a volume of masonry amounting 
611 cu m; and the excavation and 
bankments contain a volume of 409 ; 
m. The wing walls are approximately 
m thick at the base and 60 cm at the » 
where the walls are from 3 to 6 m hig 
above the foundation. In some cases 4 
wing walls are only one stone (30 to Wem 
thick. Cement used averaged only 
bag per cubic meter of finished wall. 
total cost for the rubble-concrete mason 
is only 10% of that for cut stone, whi 
has been used so extensively in Iran 

The embankments were made pring 
pally by dragline or power excavation, 
which we have one unit, and we have 
the use of one small bulldozer (caterpil 
tractor power unit). We have not 
cepted the war or the lack of equipment 
an excuse for idleness. We are endeay 
ing to use the materials that Providen 
has provided in abundance, and put th 
to the use for which they were intended 
rather than to push them aside to mah 
room for inferior materials, such as cut 
stone masonry or reinforced concrete 
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Legal Aspects of Controlled 
Access to Express Highways 


LEGAL ISSUES involved when access tt 
streets and highways is restricted in ord 
to provide better accommodations ! 
through traffic are discussed in a bookld 
issued by the Public Roads Administra 
tion. The report, written by David 2 
Levin, of the Financial and Administ 
tive Research Division of Public Road 
is entitled “Legal Aspects of Control 
Highway Access.” 

The author points out that access 4 
certain streets and highways must be ca 
trolled to permit the free movement ° 
large numbers of motor vehicles sv 
and conveniently. Uncontrolled ac 
to express highways, he adds, would defes 
the purpose for which they are constructet 
He discusses litigation in which prop 
owners have sought compensation Decal 
of restricted access, and reviews jud 
rulings governing abutting property 
ers’ rights of access, and “right of view 

While respecting the fundamental right 
of property owners, courts also shout 


Us 











s, No N o. 10 C 


ft 













msideration to the rights and 


fr } the 
~ f the traveling public, he 


all DE used j 
r building iny courts have ruled that 
l ty ivel”’ is not legally compen- 


Ht Tebee : 
is an inconvenience shared 


vith the general public and 

stantially impair access to 
thoroughfares. This principle, the 
ids, should be applied in liti- 
ay arise as a result of the 
of urban expressways and 
ess highways in rural sec- 


Sion Bas beg 
|S Kanat lings 
ver had 

rilows whi 
ading fre 
to the kan 
an Canal ha 
re been rai 


version 4, 


the huge volume of highway 
planned for postwar years, 
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would have had to pull the same as the 
team—200 Ib. Then suppose the bulge 
had been infinite; an infinitesimal force 
would produce enuf torque to move the 
keg. Somewhere between these limits the 
bulge is just enuf so that 100 Ib will draw 
the beer. Elliptic integrals stopped me 
from figuring how much, but the answer is 
that Brown and Black could be right.” 
(See Fig. 1.) 

“That's all I asked and the logic is 
sound,’’ agreed the Professor, “but I'll 
write down two equations for computing 
the bulge: 


where E and K are the complete integrals 
to mod k, complementary to k’, and j is the 
ratio of bulge diameter to rim diameter.”’ 

“Don’t those equations neglect the 
overturning moment of the rope tension, 
which would vary the base pressure and 
friction ?”’ continued Cal. 

“Right, altho the effect issmall. I have 
computed k’ = 0.06751, E = 1.00818, and 
j = 1.5315 and have seen beer kegs that 


bulgy.”’ 
“For a new problem,” continued the 
Professor, ‘“‘let me introduce Professor 


Steinmance, who will exasperate you with 
the logistics of bringing the Army home.” 

“T promise to tease, Noah, but not to 
exasperate. You all know the Army’s 
predilection for order in all things, so you 
won't be surprised that one general ordered 
his command divided into equal boat-size 
debarkation units. The staff proposed 
701 men per unit, leaving 11 men to return 
as casuals. The General disapproved. 
Then 698 men per unit with only 7 casuals 
was proposed. The General ordered 
smaller units, no casuals. His Chief-of- 
Staff tackled the problem and recom- 
mended 612-man units leaving only one 
casual. ‘If we do, you're the man that is 
left,’ threatened the General. But they 
all came home because a young engineer 
officer computed the right strength for 
each unit. Can you?” 


[Cal Klaters were Richard Jenney and 
Anne Othernut (J. Chas. Rathbun, who 
modeled the keg with a sad-iron in a sugar 
jar). Guest Professor Steinmance is D. B. 
Steinman.| 





New in Education~ 
“Cultural” Studies Added to Ohio 


State Curricula 


FIVE-YEAR CURRICULA, replacing the 
present four-year programs in all degree- 
granting departments of Ohio State Uni- 
versity’s College of Engineering, will be- 
come effective with the autumn quarter, 
Dean Charles E. MacQuigg has announced. 
The plan, which will bring more of the so- 
called “‘cultural’’ courses into the engi- 
neering curricula, will become effective 
with the new freshman class. Present 
students, returning students whose work 
was interrupted by the war or for other 


487 


causes, and students transferring here 
from other colleges, will be permitted to 
choose between the four- and five-year 
curricula until two years after the war. 

To meet the problem of adequate recog- 
nition of the additional competence at- 
tained by the student completing the five- 
year curriculum, Ohio State has provided 
for a differentiation on the basis of aca- 
demic standards. Men having superior 
academic averages at the end of the third 
year may enter a special program which, 
if pursued successfully, will lead to a mas- 
ter’s degree as well as the bachelor’s at 
the end of five years. 

The new Ohio State program will call 
for 84 quarter hours of fundamental 
courses; 51 hours of “broadening” 
studies; 19 hours of required general 
work, such as military science, physical 
education, and survey courses; 120 to 
126 hours of departmental work—a total 
of 274 to 280 hours. The 51 hours of 
““broadening”’ studies may come from such 
fields as economics, political science, 
sociology, economic geography, psychol- 
ogy, business organization, international 
studies, history, and others. 

Lack of earlier action on the part of 
engineering colleges to include more “‘cul- 
tural’ studies was because of inability to 
reduce the science and technology require- 
ments in the four-year curricula to permit 
inclusion of the non-technical subjects, 
the Dean stated. He continued: 

“These problems, as well as advice from 
industry and alumni, have been carefully 
weighed. ... The plan adopted at the 
same time is patterned to meet the needs 
outlined by the Society for the Promotion 
of Engineering Education, in a report by 
the Society’s Committee on Engineering 
Education after the War.”’ 


Rensselaer Initiates Cooperative 
Program with Industry 


A COOPERATIVE plan with industry has 
been announced by Rensselaer Polytechnic 
Institute, to aid in replenishing the na- 
tion’s supply of scientific and technological 
personnel, said to be so critically dimin- 
ished by the war as to threaten the coun- 
try’s future. The General Electric Com- 
pany has agreed to participate in training 
as many as 80 men at a time as its share 
in the program. Other nationally known 
companies are also arranging to take part 

The R.P.I. plan is described as aiming 
particularly to fill the need for men holding 
master’s and doctor’s degrees. It is said 
to differ from the average college-industry 
plan in that it will carry students through 
at least to the master’s degree and enroll 
only those who indicate talent and ability 
for graduate study and research. R.P.I 
and the cooperating industry will jointly 
select the candidates from the regular 
student body in their sophomore year. 

The program will get under way No- 


vember 1. While studying various 
branches of engineering, physics, and 
chemistry, students will spend about 


30% of their time in shops or laboratories 
of the cooperating industries, for which 
they will receive wages. 
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Large Private Construction Projects in mission to direct thems $9 proper malay 
S * care. This hospital will be perated c 
Houston, a cz the University of Texas with a full-tin k 
B a ae | director thoroughly trained in }.ot) Cling gt 
'y James W. Brapner, JR., M. Am. Soc. C.B. and laboratory research. , g po 
Diviston ENGrneer, Feperat Works Acency, Fort Wortn, Tex. The Methodist Hospital, appre k 
mately 350 beds, is to be financed by ; Tt 
rurouGcu the exceptional philanthropy million-dollar gift from H. R. Cullen, by a of one million dollars by H_ R Culle : 
of one man, Monroe D. Anderson, and the substantial contribution from the Her- while the rest is to be contributed by t os 
progressive enterprise of another, Glen mann Estate, and by other gifts ‘ Methodist Church. The Ep; ‘opal od rea 
McCarthy, the city of Houston, Tex., is Another building to be started in the pital, of approximately 250 beds, lik. 
assured of two major private postwar con- near future is the Baylor University Col- will be financed by a gift of approximatg 2 
struction projects that will cost over 65 lege of Medicine. This college has been one million dollars from H. R. Culley 
million dollars. One of these projects is given one million dollars in cash by the a contribution of a million dollars from th 
the Texas Medical Center, estimated to Anderson Foundation and will be given Episcopal Church. y 
cost over 50 millions; the other is a 16- one hundred thousand dollars each year A Tuberculosis Hospital of appro B 
million-dollar apartment and community for the next ten years by the same mately 1,200 beds is also being Projecta 
center development foundation. In addition, the City of and is now partially financed. This , 
The Medical Center will be administered Houston has pledged itself to give the care for tuberculosis patients from alj , 
by a non-profit corporation having a board college a hundred thousand dollars each Texas. The City of Houston has yy, 
of trustees. These trustees will be repre- year for the next five years. $650,000 worth of bonds and the surrousg Meml 
sentatives of the foundations and organi- The Childrens’ Hospital, which will ing counties are to vote the rest nececy a 
zations participating in the construction be operated by Hermann Hospital, will to largely complete the financing. |; 
and operation of the various parts of the contain about 250 beds. There is no lack possible that the Anderson Foundatj 
Center. They will, in general, regulate of money for this particular part of the may also contribute some funds . 
the architectural design and spacing of Center, although the exact details of The U.S. Public Health Service is pla 
buildings, do all landscaping, operate financing have not been made public. ning a Marine Hospital, which wil | “ 
necessary housing and utilities, and coor- The University of Texas School of Dentis- operated under its direction. This wij very 
dinate all the efforts being made by two try, which will be one of the most modern one of its general hospitals operated § g- : 
or more of the participating agencies. in the country, when completed will cost the use of all maritime personnel = 
Almost all the financing for the various approximately one million dollars. The other interesting part of the developm sy 
parts of the Center has been assured, al- Anderson Foundation is providing half will be the Convalescent Hospital me | 
thoughat this time the source of some of the this amount, and the State of Texas is ex- has been completely financed, altho ~— 
funds has not been made public. The final pected to provide the rest. the method of financing has not yet | ods 
development will be a tribute to the coop- The School of Geographic Medicine and announced. It will contain appr 9 - 
erative efforts of many groups, agencies, Public Health, which will be under the di- mately 200 beds and will be operated sucen 
and foundations, and to the generosity of rection of the University of Texas, is to the Center. w* 
Mr. Anderson be used for the training of public health Perhaps the largest nursing school in‘ : : 
It is believed that all buildings will be personnel. There has been a need for this country will also be a part of the Cen ' ~ 
of reinforced concrete with brick exteriors, sort of institution for many years and this Studies are now being undertaken to dow 
trimmed with Texas stone and granite. need is becoming increasingly evident as termine just what size will be most s pane 
The architecture might be described as the Southwest becomes industrialized and able. This school will probably be op “erage 
Mediterranean” to harmonize with the as populations become more and more con- ated by the Center itself, with the Using" ™ 
architecture of the existing Hermann centrated in cities and towns. The entire sity of Houston and Rice Institute par ~~ : 
Memorial Hospital cost of this building is to be borne by the pating. Financing for this school Ma - ' 
One of the first buildings tobe put up State of Texas been arranged for but not yet announ ‘ et | 
will be the 14-story Professional Building, The M. D. Anderson Hospital for Can- am L = = a gee 
which will be located on part of the twenty cer Research will be built to care for and APARTMENTS AND COMMUIESY Cong eng 
acres now used by the Hermann Memorial treat cancer patients as well as to engage The apartment and community ces dlige | 
Hospital. This building will be financed in cancer research. It will contain be- development is being financed and j ron 
and administered by the Hermann Estate tween 300 and 350 beds. The Anderson jected by Glen McCarthy, wealthy H Aes 
and will cost approximately $1,600,000 Foundation proposes to finance half the ton oil man. It will be located ona! a 
Another early development will be addi- cost of this building, while the State of acre site adjacent to the Medical Cent “ ts 
tions to the present Hermann Memorial Texas will finance the rest. In this con- Mr. McCarthy believes that this kind ‘ ; a , 
Hospital to increase its capacity from 290 nection the State of Texas has been divided development will not only fill a long‘ ‘ hic 
to 1,000 beds. The out-patient department into fifteen districts, in which cancer com- need but will in itself help to create am ee “ 
of the entire Center will form one wing of mittees have been set up. These commit- modern and progressive Houston i. r t 
this hospital addition and will be adminis- tees will select the patients who can be When completed, the project will inck . ' 
tered by Hermann Hospital. These hos cared for in this new hospital and consult an 18-story building, three 12-story bu : 
pital additions are being financed by a with other patients who cannot secure ad- ings, and two 10-story buildings, all apz 
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the surroyp Members Chosen to Broad- 
sa ite ; 
odie a cast to Orient 
Page ramatic story of the men in the 
ll is 1 field, who have turned the 
vhich ay a pioneer wilderness into a 
This oat at industrial arsenal, was told to the 
operate os ople of Australia, New Zealand, and the 
rsonnel i by two members of the Society, 
- developm tly Stephen D. Bechtel and Harry 
Hospital Hilp, San Francisco contractors, were 
‘ed, althoud ticipants in a program recorded by the 
not vet of War Information for Trans- 
ain appro broadcast 
2 operate The early men of the construction busi- 
s were willing to try anything. They 
g school int ticularly enjoyed doing the ‘impos- 
of the C ble,’ Mr. Bechtel declared, citing such 
rtaken | er projects as Boulder Dam, which was 
be most s npleted three years ahead of schedule, 
ably be ona the piers for the Golden Gate Bridge, 
h the Uni ich many thought could not be built 


pause of the continual strong tidal cur- 

Now,” he said, ‘‘the construction 
f the West are fully prepared to 
lertake even bigger things in the post- 


stitute part 
s school 


Pt announce 


Ty Cexta rworld. They look forward to cooper- 
manity ng it harnessing the almost limitless 
ced and | rgy of the Pacific basin, which they ex- 
realthy Hos vill become the center of the future 
a ey ? th | peakers have been closely identi- 
t this kind vith wartime shipbuilding Mr. Hilp 
Sil a lone! a partner in the firm of Barrett and 
euente ot p, which built concrete ships in San 
ston ncisco, and Mr. Bechtel as vice-presi- 
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lito, Calif., builder of fast tankers. 
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xth Annual Water Confer- 
nce to Be Held in October 


T has been announced that the Sixth 
hual Water Conference of the Engi- 
S Society of Western Pennsylvania 
be held in the Hotel William Penn, 
sburgh, Pa., on October 22 and 23. 
nent engineers from all over the coun- 
will present papers on a wide variety of 
ly research problems 

ra he meeting will take the form of a dis- 
tn g In conjunction with a session 
Civil Section of the Engineers 

Western Pennsylvania 





Hydrologic Data Made 
Available by C. S. Jarvis 


MAny data in the field of hydrology 
have been collected by C. S. Jarvis, M. 
Am. Soc. C.E. This material has been 
published in two pamphlets, entitled 
‘Gleanings from the Field of Hydrology”’ 
(reprinted from the 1943 Transactions of 
the American Geophysical Union) and 
“Supplementary Gleanings’’ (a 90-page 
booklet privately published by Dr. Jarvis 
and now available for general distribu- 
tion). Included in these two pamphlets 
are numerous tables of recorded data 
collected during more than forty years of 
experience in the field. 

A period of more than 120 years of 
records is covered. Many old records dis- 
counted at one time or another have been 
shown by careful research to be reliable. 
In some cases all the available and credit- 
able records of rainfall, runoff, evapora- 
tion, temperature, river-surface eleva- 
tions, and related information have been 
correlated in the tables presented. 

Among other data of interest is the first 
comprehensive hydrograph of the Missis- 
sippi River and its principal tributaries, 
which was compiled by the Mississippi 
River Commission and released in 1881. 
Besides records of the Mississippi, there 
are charts giving information about the 
Delaware, Gila, Rio Grande, Muskingum, 
Nile, Concho, Colorado, and Washita 
rivers. 

Alimited number of copies of the ‘‘Sup- 
plementary Gleanings’’ has been made 
available by Dr. Jarvis for distribution 
without charge to members of the Society. 
A few copies of the earlier ‘‘Gleanings”’ are 
also to be had, and in addition reprints of 
his paper, ‘““River Discharge in Brazil,’ 
from the 1944 Transactions of the Ameri- 
can Geophysical Union. All these pam- 
phlets are on file in the Engineering Socie- 
ties Library. 

All inquiries and requests for copies 
should be addressed to the American 
Society of Civil Engineers, 33 West 39th 
Street, New York 18, N.Y. 





Planning Neighborhood Shop- 


ping Centers 


Tue use of purchasing power as a yard- 
stick in planning neighborhood shopping 
sections is urged in the latest study of the 
National Committee on Housing—‘‘Plan- 
ning Neighborhood Shopping Centers.’ 
The study calls attention to the fact that 
most communities are over-zoned and 
over-built as far as neighborhood stores 
are concerned, and points out that only by 
advance study and planning can improve- 
ments be made in shopping facilities and 
the physical appearance of communities 
Maintenance of real estate values and re- 
lief to distressed retail merchants are other 
problems analyzed in the study, which 
also outlines methods of rectifying existing 
conditions and planning new neighborhood 
shopping areas 

The text of the study is liberally supple- 
mented by tables and other factual data 
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and gives the theoretical area require- 
ments for neighborhood shopping centers 
together with the number and kinds of 
stores needed. 

The study was made possible through 
the interest of the Field Foundation, Inc., 
of New York and Chicago. It sells for 
$1, and may be obtained from the Na- 
tional Committee on Housing, 512 Fifth 
Avenue, New York 18, N.Y 


Rehabilitation of Veterans 


Tue general question of rehabilitation 
of veterans is considered in a pamphlet, 
entitled ‘“‘Rehabilitation: The Man and 
the Job,” recently issued by the National 
Research Council. Recommendations and 
suggestions fall into two groups: The one 
concerned with the discovery and use of 
the individual's technical skills; the other 
with methods of securing teamwork and 
individual cooperation. 

The pamphlet constitutes a report of the 
Subcommittee on Rehabilitation of the 
Council’s Committee on Work in Indus- 
try. It may be purchased for 25 cents, 
upon application to the Publication Office 
of the National Research Council, 2101 
Constitution Avenue, Washington 25, 
DC. 





Predoct6ral Fellowships in 
the Natural Sciences 


THe NATIONAL RESEARCH COUNCIL 
announces that it is now ready to receive 
nominations and applications for the pre 
doctoral fellowships in the natural (that is, 
mathematical, physical, and biological) 
sciences which it is administering under a 
grant from the Rockefeller Foundation 
These fellowships are intended to assist 
young men and women, whose graduate 
study has been prevented or interrupted 
by the war, to complete their work for the 
doctorate. It is hoped that these fellow 
ships will do much to accelerate the re- 
covery of the scientific vigor and com 
petence of the country, which is so seriously 
threatened by the loss of almost two 
graduate school generations of scientifi 
cally trained men and women 

The annual stipend will be $1,200 for 
single persons and $1,800 for married 
men. In general it is expected that each 
recipient will spend at least eleven months 
per year on academic work. An addi- 
tional allowance, up to $500 per year, will 
be made for tuition fees. Fellowships 
granted to individuals who are eligible for 
educational support from the ‘‘G.I. Bill of 
Rights’”’ will be at such stipends as to 
bring the total income from the two 
sources up to the above rates 

Each fellow, before entering on his 
graduate studies, will submit for review by 
the Committee on Predoctoral Fellowships 
a schedule, approved by the dean of his 
graduate school, for the completion of his 
work for the doctorate. This schedule, as 
approved by the committee, will consti- 
tute an informal agreement upon the basis 
of which stipend payments will be made. 


Civit ENGINEERING for October 1045 4g! 











49 Civit ENGINEERING for October 1945 VOL. 15, No 

At the discretion of the university con- Panama Canal, has been appointed chief duties of great responsibility s, 1 after th 
cerned, the fellowship stipend may be sup- of the Division. Mr. Klotz has been em- invasion of Southern France’ is capac 
plemented by university grants. All such ployed on the Isthmus since 1929—for the ity as chief engineer, Allied Force Head 
supplementary sources of income should past six years on the Third Locks Project. quarters, Mediterranean Thea:>, of Op 


be made a matter of record with the com- 
The progress of the fellows will be 
to periodic review by the com- 


mittee 
subject 
mittee, which reserves the right to cancel 
fellowships when in its judgment satis 
factory progress is not being maintained 
Prospective candidates for these fellow- 
ships are urged to apply at once even 
though they may be unable to undertake 
their graduate study in the immediate 
future Information concerning these 
fellowships and nomination-application 
blanks are being mailed out widely to 
and wartime research 
laboratories. They may also be obtained 
by writing directly to the Secretary, Com 
mittee on Predoctoral Fellowships, Na- 
tional Research Council, 2101 Constitu- 
tion Avenue N.W., Washington 25, D.C. 


graduate schools 





NEWS OF ENGINEERS 


Personal Items About Society Members 





Georce W. Case, director of the Engi- 
neering, Science and Management War 
Training Program of the U.S. Office of 
Education, retired as dean of the college of 
technology of the Univerfty of New 
Hampshire on June 30 of this year. Dean 
Case has been on leave of absence from the 
University since November 1940 in order 
to participate in the administration of the 
college-level training programs financed by 
the federal government. 

CHARLES T. DICKEMAN was recently pro- 
moted from the rank of captain in the Civil 
Engineer Corps of the U.S. Navy to that of 
commodore. He has been in command of 
the Fifth Naval Construction Brigade on 


Guam since June 

R. C. Voor and W. J. Ivers announce 
the formation of an engineering partner- 
ship under the name of Vogt, Ivers, and 
at 710 Second Na- 
Ohio 


Associates, with offices 
tional Bank Building, Cincinnati 2, 
Mr. Vogt was formerly principal engineer 
in charge of the engineering division of the 


U.S. Engineer Office in Cincinnati, and 


Mr. Ivers was director of structural engi 
neering for A. M. Kinney, Inc., of the same 
city 

W. C. POLKINGHORNE is now full pro 
fessor and head of the department of civil 


engineering at Michigan College of Mining 


rechnology, having been advanced 


and 
from the rank of associate professor. 
Apo.tpu J. ACKERMAN has resigned as 
director of engineering for the Dravo Cor- 
poration at Pittsburgh, Pa., in order to en- 
gage in hydroelectric development work in 
South America. Although in recent years 
Mr. Ackerman has been engaged in heavy 
construction work and shipbuilding, the 
present step marks his return to the field 
of water power engineering, in which he 
has had wide experience 
Russecy L. Kviortz, until lately engineer 
for the Special Engineering Division of the 
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Bureau of Reclamation at Laramie, Wyo., 


Oe SINGSTAD announces that he is re- 
tiring, effective October 1, from his position 
as chief engineer of the New York City 
Tunnel Authority. He will continue his 
consulting practice with offices at 14 
Whitehall Street, New York 4, N.Y. 

Tuomas A. BERRIGAN, recently released 
from active duty with the Civil Engineer 
Corps of the U.S. Naval Reserve, has been 
appointed director and chief engineer of 
the Sewerage Division of the Metropolitan 
District Commission, Boston, Mass. He 
is also serving as associate commissioner on 
the Metropolitan Water Supply Commis- 
sion 

Harotp S. Carter, formerly professor 
of civil engineering at Utah State Agricul- 
tural College, has accepted a position in a 
similar capacity at the University of Utah. 
Professor Carter is president of the Inter- 
mountain Section of the Society. 

Revoe C. Bricecs, principal assistant to 
the district engineer for the U.S. Geologi- 
cal Survey in California, has left San Fran- 
cisco for a year’s detail to Caracas, Vene- 
zuela, as adviser in hydrology. He is to 
organize a national program of surface- 
water investigations, to be continued by 
Venezuelan engineers following his return 
to the United States. Arrangements for 
the visit were made by the Department of 
State at the request of the Venezuelan 
government. 

A. S. Maccorecor has been promoted 
from the rank of first lieutenant in the U.S. 
Army to that of captain. Captain Mac- 
gregor, who is assistant post engineer at 
Fort Wadsworth, N.Y., was building con 
struction engineer with the New York State 
Department of Public Works before being 
called to active duty. 

Rosert A. Monroe has been appointed 
chief design engineer of the Tennessee 
Valley Authority, succeeding Grorce R. 
Ricu who has resigned to enter private 
practice. Mr. Monroe has been with the 
TVA since 1937 recently in the 
capacity of assistant chief engineer. Mr, 
Rich. will be associated with Charles T. 
Main, Inc., in Boston, Mass. 


most 


Horace P. HINCKLEyY is now general 
manager of the Bear Valley (California 
Mutual Water Company, principal sup- 
plier of surface water in the San Bernar- 
dino Valley. Mr. Hinckley was previously 
an engineer for the San Bernardino Valley 
Water Conservation District. 

Tuomas J. FRATAR was recently pro- 
moted from the rank of second lieutenant 
in the U.S. Army to that of first lieutenant. 
He has served for over two years with the 
Persian Gulf Command in Iran and, at 
present, is a valuation engineer for the 
Third Military Railway Service there. 


James J. WASH, San Francisco consult- 
ant, has been appointed a member of the 
San Francisco City Planning Commission. 


Davin McCoacn, Jr., major general, 
Corps of Engineers, U.S. Army, has had 
the Oak Leaf Cluster added to his Dis- 
tinguished Service Medal for “assuming 
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Leon G. WILutaMs, forme: 


: : resident 
representative for the Chicag onsultin 
firm of Greeley and Hansen Norfolk 
Va., has accepted a position wit! Jone: and 


Henry, consulting hydraulic and sanit 
engineers, of Toledo, Ohio. 


PHitip HARRINGTON has resigned 
Commissioner of Subways and Super 
highways for the City of Chicago in ops. 
to become chairman of a recently ~ 
pointed seven-man Chicago Transit Board 
which will direct operations of the Chicag 
Transit Authority. 


NEAL B. GARVER, since 192] 
gineer for the Arkansas State Highwa 
Commission, has been promoted to +h 
position of chief engineer. . 


Nep D. BAKER, previously office engi- 
neer for C. C. Kennedy, of Benicia, Calif. 
has accepted a position on the engin ering 
staff of the East Bay (California) Muni 
pal Utility District. 





HERBERT P. NILMEIER has severed hj 
connection with the engineering staf , 
the University of California, where he was 
an instructor, in order to become a sani- 
tary engineer with the 12th > 
trict. 


Naval Dis- 


ARTHUR L. PAULS, until lately chief con- 
struction engineer for the Tennessee Valley 
Authority at Knoxville, Tenn., has 
come associated with the Morris-Knudsen 
Company, with headquarters in San Fran 
cisco. Other members of the Society wh: 
have recently left the staff of the TVA are 
G. L. WILttaMs, now with the James 
Leffel Company at Springfield, Ohio, and 
PoRTLAND P. Fox, who has accepted a 
position with the U.S. Bureau of Reclama 
tion in Denver, Colo. 


EpWARD T. Foster, colonel, Fi 
tillery, U.S. Army, was recently awarded 
the Legion of Merit for “exceptionally 
meritorious conduct in the performa: 
outstanding services’ during the Ital 
campaign. Serving as assistant chiel 
staff, G4, of the base at Li 
Colonel Foster was in charge of the plans 
for equipping the major part of the la 
forces to invade southern France from 
Italy. Before entering the Army, Colone 
Foster was superintendent of the cons 
tion department for the Omaha (‘ 
Steel Works. 


ghorn, Italy 


J. O. OsTeRBERG has been appol 
sistarit professor of civil engineering at “ 


Technological Institute, Northwester 
University. His time will be divided be 
tween teaching and research for the 50 


ciety’s Committee on Sampling and Test 
ing of the Soil Mechanics and Founda 
tions Division, for which he has been 
search engineer since 1943. 


Joun R. Ossorn, formerly instructor @ 
civil engineering at the Agricultural an¢ 
Mechanical College of Texas, has jomee 
the staff of the American Univers! 
Beirut, Beirut, Lebanese Republi 


ty 


Vou. 15, No, 


charge of the building of various 


IS, N o. " N Oo, I0 


ty after + C. UrQuHART has received a 
ce $ Capac. —_— romotion from the rank of 
ed e¢ Hea Jonel in the Corps of Engi- 
Th r of O rmy, to that of colonel. He 
) War Construction Section, 
rm urters in Washington, D.C. 
eae weueag thart’s home is in Ithaca, 
4 
eT) fall 
| Wi : ~ , NDELL ADAMS was recently 
ic a ’ al f engineer of the New York 
Laughlin-Carr Associates in 
as : airport development work 
. ¥ . ously engineer in charge of 
hi ee. 3 ering, design, construction, 
a ince for the Curtiss-Wright 
T he with which he became con- 
| of the Chica “9 


;. STURGEON, who is in charge 
, ’ rations unit in the flight opera- 
' of the Army Air Force Train- 
| headquarters at Fort Worth, 
n promoted from the rank of 
it of lieutenant colonel. Prior 
sly off tering the service in 1940, Colonel 
Benicia, Calif Biisturg is in the U.S. Engineer Office 
. et rt Ure 


D. Writtams, formerly pro- 
boccor of structural engineering at Fenn 
las sever ‘ has assumed new duties as acting 
lepartment of civil engineering 
rsity of Florida. He has been 
ECO : sani. ve of absence from Fenn College do- 
th Na r work, his most recent assignment 
that of assistant supervising 
the J. E. Greiner Company, 
Md 


; 


“enn., ha M n S. CAMPBELL is now con- 
lorris-Knudsen t th the H. D. Fowler Company, a 
rs in San Fra ter-works supply firm in Seattle, Wash. 
1e Society who recently he was chief of the Division 
f Health Engineering of the Wash- 
State Department of Health. 


Marcu, until lately asso- 
er for the Kansas State Board 
is accepted the position of city 
lependence, Kans. 


eld, Ohio, a M 


ger of In 


tly awa te: In the August issue it 
ly stated that James M. 

M. Am. Soc. C.E., was man- 

Defense Plant Corporation’s 

lant at Las Vegas, Nev. The 

firm of J. M. Montgomery 

a iny, with which Mr. Mont- 

onnection, are managers of 

Fra t t for the Reconstruction Finance 





DECEASED 





e divided RDLESTONE Acres (M. ‘16) 
S H. G. Acres and Company, 

F Test gara Falls, Canada, died in a 

, yunda ronto on September 4, 1945. 
re é ©. In 1905 Mr. Acres placed 
the first 10,000-hp turbine 

in 1907 constructed the 

api transmission line He 
cultural © va y years hydraulic engineer 


electric Power Commission 
| in 1980 became president 
and Company, Ltd. One 





of Canada’s leading hydroelectric engi- 
neers, Mr. Acres was especially known for 
his work in designing and supervising the 
Chippawa-Queenston development of the 
Hydroelectric Power Commission of On- 
tario and the Shipshaw development of 
the Aluminum Company of Canada at 
Arvida, Quebec. 


GeorGeE Berry (M. '05) retired civil 
engineer of Brooklyn, N.Y., died at his 
summer home in Brooklyn, N.Y., on 
August 2, 1945. Mr. Berry was for many 
years assistant engineer in the Brooklyn 
Bureau of Highways. He retired in 1936 


Witt Hazen Bovucuton (Assoc. M. 
07) retired engineer and accountant, died 
at Olean, N.Y., on July 27, 1945, at the 
age of 78. Mr. Boughton spent his earlier 
career teaching—from 1894 to 1903 he was 
professor of civil engineering at Denison 
University, and from 1903 to 1911 at 
West Virginia University. From 1911 to 
1915 he was treasurer and business,man- 
ager of Vassar College, and from 1917 to 
1937 treasurer of Smith Brothers, Inc., 
of Poughkeepsie, N.Y. He then became 
comptroller of Smith Brothers, serving 
until his retirement two years ago. 


WaLpo Emerson Buck (M. ’89) of 
Worcester, Mass., died several months 
ago. Mr. Buck, who was 89, had spent 
much of his career as president and 
treasurer of the Worcester Manufacturers 
Mutual Insurance Company. Earlier he 
had been engaged in railroad work, and 
for some years he was agent and local 
manager for the Winnepissiogee Water 
Power Company of Lake Village, N.H. 


James Francis Cutten (M. ’06), re- 
tired engineer of construction for the 
Pennsylvania Railroad, Philadelphia, Pa., 
died on February 24, 1945. He was 80. 
Mr. Cullen spent his entire career with the 
Pennsylvania Railroad, with which he be- 
came connected in 1890. He was construc- 
tion engineer for a number of years prior to 
his retirement in 1937. 


WILLIAM RosBerRT DUNHAM, JR M. 
’06) retired engineer of Providence, R.I., 
died in North Haven, Conn., on August 13, 
1945. Mr. Dunham, who was 74, devoted 
his career to street and inter-urban electric 
traction. Serving first with the Union 
Railway of Providence, he then became 
division engineer and, later, engineer of 
maintenance of way for the Connecticut 
Company. From New Haven he went to 
Detroit, where he served the Detroit 
Municipal Railway as executive engineer 
and research expert. 

Pau. Emery (M. ’39) project chief 
engineer for the McLean Contracting 
Company at Norfolk, Va., died suddenly 
on August 27, 1945, at the age of 54. 
From 1912 to 1917 Mr. Emery was with 
the Topeka (Kans.) Bridge and Iron 
Company; from 1917 to 1918, with the 
Lackawanna Bridge Company at Buffalo, 
N.Y.; from 1919 to 1925, with the Ameri- 
can Rio Grande Land and Irrigation Com- 
pany at Mercedes, Tex.; from 1927 to 
1928, with the American Bridge Company 
at Ambridge, Pa.; and from 1929 to 1940, 
office engineer for the Kansas City Bridge 
Company at Kansas City, Mo. For the 
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past five years he had been engineer in 
charge of construction of the work per- 
formed by the McLean Contracting Com- 
pany at the Norfolk Naval Base. 


OLAF LAURGAARD (M. '14) resident 
plant engineer for the Bethlehem Alameda 
(California) Shipyard during the war, died 
in San Francisco, Calif., on June 23, 1945. 
His age was 65. Mr. Laurgaard was 
project engineer for the state of Oregon 
from 1913 to 1915; city engineer of Port- 
land, Ore., from 1917 to 1934; engineer 
with the U.S. Bureau of Reclamation in 
Denver, Colo., from 1934 to 1936; and 
construction engineer for the TVA on 
Hiwasee Dam from 1937 to 1940. In the 
latter year Mr. Laurgaard established a 
consulting practice in Portland, and since 
1942 he had been resident plant engineer 
at the Bethlehem Alameda Shipyard. 


ENGBERT A. Leg (M. ’'20) who was with 
the Climax Molybdenum Company, of 
Golden, Colo., died on June 7, 1945, at the 
age of 75. Beginning in 1905, Mr. Lee was 
for a number of years connected with the 
American Smelting and Refining Com- 
pany—for part of this period as chief engi 
neer of the Colorado department. Later 
he was with the U.S. Zinc Company at 
Amarillo, Tex., and from 1931 to 1941 he 
maintained a consulting practice in Den 
ver, Colo. 


DONALD GRANT McKim (Assoc. M. '29) 
senior resident engineer for the Texas 
State Highway Department, Houston, 
Tex., died on July 29, 1945. Mr. McKim 
who was 58, had been in the Texas State 
Highway Department for over twenty 
years. During this period he had been 
resident engineer at Austin, New Braun 
fels, and Livingston, Tex. 


Joun HENRY NeESON (M. 30) Director 
of Public Works, Philadelphia, Pa., died 
on September 1, 1945, at the age of 61 
Mr. Neeson, who was past-president of 
the American Society of Municipal Engi 
neers, had been in the Philadelphia munici 
pal service since 1906, when he became 
assistant superintendent of bridges. His 
activities included reorganization of the 
city’s street and ash-coilection services, 
city planning, development of the drain 
age and sewage disposal systems, and 
direction of the city’s WPA program 
From 1928 until 1940 Mr. Neeson was 
chief of the Bureau of Engineering Surveys 
and Zoning, and in 1940 he was appointed 
director of public works. In 1943 he was 
made vice-chairman of the new City 
Planning Commission 


SHEPARD BROWN PatmeR (M. ‘11 
consulting engineer of Norwich, Conn., 
died on August 17, 1945, at the age of 
74. In 1894 Mr. Palmer became associated 
with Charles E. Palmer, and in the engi- 
neering firm of Chandler and Palmer he 
had served for a long period as city 
engineer of Norwich. 
the State Board of Civil Engineers and, 
later, of the Board for the Supervision of 
Dams and Reservoirs, he was closely 
identified with the development of a num- 
ber of water works in eastern Connecticut 


Long a member of 


ROBERT CHARLES RATCLIFFE (Assoc 
M. ’36) who was on the staff of the U.S 


clamation at Laramie, 
hospital in Cheyenne, 
; Mr. Rat 
High 


Colorado Stats 


lowa state 


ome 
Publi 
More 
engineer 

it Albuquer 
er of Larami 


was for 


Jun +] 
recently 
an alun 


HERBERT opp M 
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Tre on 
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engineering « 
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areer to the 
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1¢ maintained a ge 

in El 
Puerto Rico 


upply, his 
1 development a number 
neral 
Paso and, later, 


At one time he 
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ALBION Noyes VAN VLEcK (M. ’'28 
consulting engineer of New York, N.Y., 
in a hospital there on August 22, 
1945, at the age of 59. Starting his career 
in 1908, Mr. Van Vleck served as assistant 
chief engineer for Guy Lowell, New York 
architect, from 1913 to 1917 
latter year he entered the Army and 
in the artillery, rising to the 
rank of major. After the war he became 
assistant general manager for the Saginaw 
Mich.) Shipbuilding Company, and from 
1922 to 1927 was chief engineer for J. E. R 

Carpenter, New York architect. In 1927 
he became a partner in the consulting firm 
of Hurlbut and Van Vleck, and in 1938 
was made first deputy 
resigning two vears later to re 

ume private practice active in 
Masonic affairs, Mr. Van Vleck was execu 
tive secretary of the Military and Naval 
Services Committee of the Grand Lodge of 
Masons, New York 


died 


and Boston 


In the 


Saw service 


housing com 
missioner 


Long 


LIONEL RENE VITERBO (M. '18) 
sulting engineer of St. Louis, Mo., died on 
August 16, 1945. Hewas66. Mr. Viterbo 
was born in Constantinople, Turkey, and 
educated in France, coming to the United 
States in 1902. From 1905 on he was a 
member of the St. Louis and Chicago con- 
firm of and Viterbo, in 


con 


sulting Brussel 


LJCIUOCET 


£Y 


4 YUL 15, Ne 


charge of the building of vari, 
structures in Chicago and the 
Coincidentally, for most of th 
was also, successively, vice-pre 
president of the Reinforced Co; 
pany of St. Louis 

CHARLES BENJAMIN WING 
emeritus professor of structural engi 
ing at Stanford University, i 
Calif., died in that city on Augus 
1945. His age was 81. Early in hisg 
Professor Wing taught at Cornel] and { 
University of Wisconsin. In 1892 he 
came professor of structural engineer 
Stanford University, and remained 
until his retirement in 1929 with the¢ 
professor Coincider 
for most of this period, he m 1intained 
consulting practice in Palo Alto, f 
ing the first World War Professor 
served overseas with the 23d Engines 
having the rank of lieutenant colonel 


Palo 


of emeritus 


| Editor's Vote: It is greatly regr 
that, through an error, the death of By 
Guaroa Joubert, Assoc. M., was reporm 
in the August issue. The Society rece 
official notice of Mr. Joubert’s d& 
through a mistake identifying him wi 
his father of the same name, who & 
recently. At present Mr. Joubert is liy 
in Monte Cristy, Dominican Republic] 
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